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Preface

Three years ago Philippe Zimmern and I asked ourselves the
question is there a role for yet another book looking at
female urology and disorders of the female pelvic floor? We
carefully reviewed existing publications and decided that
there was a potential role for just such a book targeted at
clinicians of all disciplines interested in this sub-specialty
area. With this in mind we felt it was important to critically
review all of the important areas within the sub-specialty
using a multi-disciplinary approach. Thereby making this
an internationally applicable book, which will be useful to
clinicians with all levels of interest, experience and expert
ise. As you will see the sections on both urinary and fecal

incontinence are written by experts from many disciplines,
covering these topics in detail in what we hope to be a very
readable and interesting style.

We hope that you will agree with the fundamental ethos
of this book that the multi-disciplinary approach to man
agement is not only preferable but also essential to achieve
the best results for our patients.

Christopher R Chapple
Philippe E Zimmern
2006
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Foreword

In the past decade there has been a long overdue recogni
tion that collaboration between urologists, obstetrician
gynecologists, colon and rectal surgeons, physiotherapists,
physiologists, pharmacologists, and nurse practitioners is
essential if we are to enhance our care of women with
disorders of the pelvic floor. The editors of MultidiscipHnary
Management of Female Pelvic Floor Disorders have assembled an
experienced, well balanced group of authors from various
disciplines as well as geographically diverse institutions to
share their own knowledge of these frequently inter-related
disorders.

The format of the book is logical, beginning with the
recognition that we must understand normal anatomy and
physiology of the pelvic floor before dealing with the
abnormal and progressing from diagnosis and management
eventually to a review of statistics for the clinician.

The readers will appreciate the balanced approach to
treatment options. Women with disorders of the pelvic floor
can not all be managed in a standardized fashion. Some
complaints are best managed non-surgically and others, such
as fistulas, may always require surgical intervention for
ultimate cure. The editors have purposefully provided a

At first glance this text might seem to be just another
addition to the ever increasing library of texts dealing with
portions of what is termed "female urology" or "urogyne
cology," depending on ones specialty. It is, however, con
siderably more than that. The well respected editorial board,
consisting of 2 urologists, 2 urogynecologists and an expert
in pelvic floor physiotherapy, has put together a veritable
handbook for a fellowship in female pelvic medicine and
reconstructive surgery. Each subject encompassed in this
area, with the possible exception of female sexual dysfunc
tion, is covered in a succinct but authoritative manner by a
carefully chosen roster of authors. The result, in my opinion,
is a comprehensive text which will give the reader a working
knowledge of the pertinent concepts and current data in

comprehensive approach to patient care, recognizing that
only the patient and her personal doctor should make the
ultimate decision regarding management.

One of the hidden treasures in such a comprehensive
text authored by a diverse group of people is the set of
bibliographies following all chapters. The truly curious
reader will find an endless source of references not only to
classic but also to current literature.

Personally, I have had a long interest in caring for women
with disorders of the pelvic floor. My patients and I have
regularly benefited from the on-going work of the men and
women who have edited and contributed to this text. The
women of the world owe a debt of gratitude to the editors
and contributors not only for their past work but to their
commitment to providing us this comprehensive, up to date
resource.

Bob L Shull MD
Professor of Obstetrics and Gynecology
Texas A&M University Health Science Centers
Scott & White Clinic and Hospital
Temple, TX, USA

each area and provide a basis on which to build an individual
library or reference file in those areas. Fellows and residents
will find the text extremely useful, as will those urologists
and gynecologists whose practices are concentrated in this
area. If one took each of the 30 chapters and constructed
2 teaching conferences around each, one would have a
very impressive and nearly complete curriculum for female
pelvic medicine and reconstructive surgery.

AlanJ Wein MD PhD (Han)
Professor and Chair of the Division of Urology
University of Pennsylvania Health System
Philadelphia, PA, USA xi



Pelvic Anatomy for the Surgeon
Harriette M Scarpero and Roger R Dmochowski

CHAPTER

1
INTRODUCTION
Significant advancements in computer and imaging tech
nology in recent years have enabled more realistic rendering
of human pelvic anatomy. Magnetic resonance imaging
(MRI) has provided unsurpassed soft tissue visualization
and the ability to see structures in several spatial planes.
Dynamic MRI offers the opportunity to see anatomic struc
tures altered by intraabdominal pressure and provides clari
fication of the contents of the prolapse in unclear cases
(Fig. 1.1). Using interactive rotation of the three-dimen
sional (3D) model of the human pelvis, as well as cine films
of the pelvic floor and portions of the lower urinary tract
(LUT) during straining and relaxation, we may also improve

Figure 1.1 A sagittal image from a dynamic MRI of the female
pelvis during Valsalva maneuver. A prominent cystocele is
identified as the contents of the anterior compartment prolapse.

our understanding of the pathophysiologic mechanisms of
stress incontinence.' Computed tomography (CT) images
can be reconstructed in three dimensions, creating images
of greater definition and realism. Just as simulators have
become standard in the fields of aviation and aerospace,
virtual reality models of the human may replace cadavers in
the gross anatomy laboratory.

This chapter will highlight some of these new areas of
anatomic research as well as review pelvic anatomy and the
surgical relevance of key anatomic structures. For the
purpose of this chapter, pelvic anatomy is divided into three
main areas: pelvic musculature, ligaments and fascia, and
neurovascular supply to the pelvic organs.

THE PELVIC FLOOR
The term "pelvic floor" refers to more than just the muscles
that support the pelvic viscera. The viscera are actually a
component of it. The entity of the "pelvic floor" includes the
pelvic viscera, the peritoneum overlying it, endopelvic
fascia, levator ani muscles, coccygeus, obturator internus,
piriformis, and perineal membrane/ The muscles, associated
fascia and ligaments and the fascial attachments of the
viscera work in concert to support the contents of the
abdominopelvic cavity. The load carried by the pelvic floor
is shared by all its components. Damage to the pelvic
muscles by injury, disease or surgery increases the load on
the fascia and vice versa.

Points of origin and insertion of pelvic muscles are on the
bony pelvis which can therefore be considered the foun
dation on which the pelvic floor is built. Areas of interest to
the pelvic surgeon on the bony pelvis include the pubic
symphysis, pubic rami, ischial spines, ischial tuberosities,
and coccyx. The sacrospinous ligaments attach to the ischial
spines. Extending laterally from the spines is the arcus
tendineus that attaches anteriorly to the lower pubic bone.
Near its pubic end, the arcus tendineus splits into two por
tions: the tendinous arch of the pelvic fascia from which the
pubocervical fascia arises, and the tendinous arch of the
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CHAPTER 1 • PELVIC ANATOMY FOR THE SURGEON

levator ani from which the levator ani muscles arise. These
areas are pertinent landmarks for many of our common
transvaginal and transabdominal procedures. Being familiar
with the location of these bony structures will direct the
surgeon toward other structures of importance such as liga
ments and help prevent inadvertent injury to structures in
close proximity such as the ureter or neurovascular bundles.

PELVIC MUSCULATURE
The muscles of the pelvic floor consist of a group collec
tively known as the levator ani and the coccygeus. The
levator ani muscles are known separately as the pubococ
cygeus (PC), iliococcygeus, and puborectalis. These muscles
take their names from their points of origin on the pelvis.
They extend together as an expansive sheet from the inner
surface of the pubic bone, just lateral to the symphysis, to the
pelvic surface of the ischial spines (Fig. 1.2). At the pelvic
side wall, the levator ani are attached to the arcus tendineus.
Posteriorly, they extend from their origin on both sides and
travel medially to a midline raphe between the rectum
and coccyx. Physiologic studies have demonstrated that the
levator ani exhibit constant activity which allows them to
work as a functional shelf in support of the pelvic viscera.'

The pubococcygeus is the most medial of the group. From
its origin at the pubis, it surrounds the vagina medial to it
and may have attachments to the urethra. In the posterior
pelvis it surrounds the anus between the internal and exter
nal sphincters. Histochemical analysis of the PC muscles has
identified both slow-twitch and fast-twitch fibers indicating

Figure1.2 The levator ani muscles and levator hiatuses.
A, urethra; B, urogenital hiatus; C, rectal hiatus; D, pubococcygeus;
E, i1iococcygeus; F,coccygeus (adapted from Wahle GR,Young
GPH, RazS. Anatomy and pathophysiology of pelvic support. In:
RazS, ed. Female urology. Philadelphia: WB Saunders; 1996).

that the muscle works to provide static visceral support as
well as maintaining tone and active closure of urethra,
vagina, and rectum." These muscles are the ones contracted
during a Kegel exercise, so their strength can be assessed at
least subjectively by palpation while the patient contracts the
muscle. The PC muscles have a role in sexual function as
well. Tension or spasm in these muscles has been implicated
in the painful disorder of vaginismus as well as the
pleasurable rhythmic contractions during orgasm.

The origin of the iliococcygeus is the posterior portion of
the tendinous arch and ischial spine. From either side of the
pelvis, they join into a midline raphe just above the anal
coccygeal body. The puborectalis is more medial than the
iliococcygeus, originates at the posterior surface of the pubis
and inserts at the midline to the rectum. On contraction, this
muscle is pulled toward its pubic attachment, effectively
closing the proximal anal canal. It further aids anal conti
nence by maintaining the anorectal angle. There are two
areas of discontinuity within the levator ani known as the
urogenital hiatus anteriorly and the anorectal hiatus poste
riorly. The vagina and urethra traverse the more anterior
hiatus and the rectum passes through the posterior hiatus.

The levator ani muscles share in the mechanisms of
defecation and urination as well as visceral support. Levator
dysfunction as a result of vaginal delivery may lead to loss
of pelvic organ support, as well as constipation or fecal and
urinary incontinence. A test of levator ani muscle response
to stimulation measured by EMG found diminished
response at rest and on contraction in multiparous women
with a prolonged second stage of labor,'

The coccygeus muscle, which is continuous with the
iliococcygeus anteriorly, originates at the ischial spines and
sacrospinous ligament and then inserts on the lateral sacrum
and coccyx. These attachments give it a triangular config
uration. The coccygeus is more posterior than the levator ani
and overlies the sacrospinous ligaments.

The obturator muscles, typically considered as muscles of
the lower extremity, are nonetheless intimately connected to
the muscles of the pelvic floor. They compose the lateral
pelvis or pelvic side walls.Their origin is the internal surface
of the obturator membrane, posterior bony margins of the
obturator foramen, the pubic rami, and ramus ofthe ischium.
They insert into the medial surface of the greater trochanter
of the femur. The arcus tendineus fascia pelvis or "white
line" that has been previously described is a condensation of
obturator fascia and endopelvic fascia. This pelvic landmark
may be attenuated or torn, contributing to a defect in ante
rior compartment support. The obturator foramen within
the bony pelvis and the associated obturator canal within the
muscle are other important landmarks. The obturator
neurovascular bundle runs through these openings and is of
particular concern in a newer variant of the midurethral
polypropylene sling known as the transobturator tape.



The piriformis, which lies in the same plane as the
coccygeus, arises from the sacrum and inserts on the greater
trochanter. It has special significance because the sacral
plexus lies on top of it on its course beneath the coccygeus.

Perineal membrane. Below the levator ani is the per
ineal membrane which is a dense triangular area of fascia
in the anterior half of the pelvic outlet. It arises from the
inferior ischiopubic rami and attaches medially to the ure
thra, vagina, and perineal body. Like the levators above, it is
pierced by the vagina and urethra. Some authors refer to the
perineal membrane as the urogenital diaphragm but this
term is incorrect. As classically described, a true urogenital
diaphragm, consisting of two layers of fascia enclosing the
deep transverse perineal muscle and sphincter urethrae and
creating a closed compartment, does not exist,"

Perineum. The anatomy of the perineum is important to
any discussion of the pelvic floor because these muscles lie
beneath the muscles of the pelvic floor, and reconstruction
of the perineum may be undertaken along with pelvic
prolapse surgery. Commonly, the anatomy of the perineum
is described as being divided into an upper urogenital
triangle and a lower anal triangle. The points of the triangle
are the pubic symphysis, ischial tuberosity, and tip of coccyx.
A line through the anterior ischial tuberosities forms the
shared base of the two triangles.

The perineal body is a tendinous structure located
midline between the anus and vagina. It is the central fixa
tion point of the perineum. The muscles of the urogenital
triangle include the median bulbocavernosus, right and
left ischiocavernosus, and superficial transverse perineal
muscle (Fig. 1.3). The bulbospongiosus muscle surrounds
the vaginal introitus and covers the lateral part of the
vestibular bulbs. It also attaches to the corpora of the clitoris

PELVIC FASCIA AND LIGAMENTS I
and the perineal body. The ischiocavernosus muscle covers
the crura of the clitoris. The superficial transverse perineal
muscle extends from the ischial tuberosity to the perineal
body. It can be poorly developed or absent. A deep
transverse perineal muscle originates at the ramus of the
ischium and joins the urethral and anal sphincters as well as
the perineal body. The ischiorectal fossa is a wedge-shaped
space in the anal triangle between the levator ani and
obturator internus. This anatomic space is important
because of its relationship to the pudendal neurovascular
bundle. The internal pudendal vessels and nerve are within
the lateral wall of the ischiorectal fossa and the obturator
internus muscle. The fascial sheath covering this space
creates the pudendal or Alcock's canal.

PELVIC FASCIA AND LIGAMENTS
There is often confusion regarding the divisions and naming
of various portions of the pelvic fascia known as endopelvic
fascia. The fascia investing the levator ani may be referred
to separately as the levator fascia. The levator-endopelvic
fascia can be subdivided further into the pubourethral
ligaments, urethropelvic ligaments, pubocervical fascia, and
uterosacral ligament complex (Fig. 1.4). These subdivisions
help to distinguish the importance of the fascia for specific
support roles.

Many structures commonly referred to as ligaments are
really condensations of levator fascia, so they differ from the
tough connective tissue composing ligament elsewhere in
the body. As visceral ligaments, these condensations are just
loosely organized connective tissue, containing considerable
amounts of smooth muscle," The fibers of visceral ligaments
are far less regular than the fibers of true ligaments. The
pubourethral ligaments are the fascial support of the
midurethra to the inner surface of the inferior pubis. They

Ischiocavemosus muscle

Wall ofvagina

Deep perineal muscle

Anal canal

Extemal anal sphincter
muscle

Anococcygealligament

Coccyx

Urethral meatus

Bulbospongiosus muscle

Ischial tuberosity

Superficial transverse
perineal muscle

levator ani muscle

Sacrotuberous ligament

Gluteus maximus muscle

Figure 1.3 Muscles of the perineum (from
Delancey JO, Richardson AC. Anatomy of
genital support. In: Benson JT; ed. Female
pelvic floor disorders. New York: WW
Norton; 1992).
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CHAPTER 1 • PELVIC ANATOMY FOR THE SURGEON

Figure1.4 View of the pelvic musculature and some pelvic organs
in relation to the fascial layers of the pelvic floor.

support and stabilize the urethra and anterior vaginal wall.
The external sphincter is located just distal to these liga
ments. They have been examined grossly and histologically
and found to be very consistent structures that demonstrate
dense collagen fibers," Laxity or failure of these ligaments is
partially responsible for stress urinary incontinence (SUI)
as described by the integral theory" The midurethral sling
reconstitutes these structures to restore continence. The
urethra is also supported on both sides by levator fascia.
Proximally this lateral urethral support is termed the ure
thropelvic ligaments which are the endopelvic fascia that
fuses the periurethral fascia to the arcus tendineus. It is the
major support for the bladder neck and proximal urethra.
Again, these areas are contiguous and not truly distant struc
tures. They are specialized areas of the endopelvic fascia.

Urethral support is not determined by fascia alone. The
pelvic muscles are also responsible. The fascial attachments
responsible for urethral support are those of the pubo
urethral ligaments, periurethral tissue, and anterior vaginal
wall to arcus tendineus fascia pelvis (paravaginal fascial
attachment) (see Fig. 1.4). The muscular component is the
connection of periurethral tissues to the levator ani muscles.
When these attachments are intact, continence is main
tained. During increased abdominal pressure, the urethra is
compressed against this firm supportive layer as explained by
the "hammock theory" of continence.l" Weakening of these
supports can lead to anterior wall relaxation and diminish
ment of the occlusive action of the vaginal support.

Connective tissue disorders have been implicated as a
cause and/or contributor to significant pelvic organ pro
lapse.'! It may also be possible that aging and hormonal
changes associated with menopause may alter the compo
sition and strength of connective tissue.!"!" Immunohisto
chemical staining of periurethral fascia from continent and

incontinent postmenopausal women with pelvic organ
prolapse demonstrated differences and reductions of the
types of collagen found in incontinent women compared to

continent. The investigators theorize that these alterations
indicate an alteration in metabolism of connective tissue in
the periurethral region leading to a significant decrease in
collagen in postmenopausal women." In a study to assess
whether menopause was associated with connective tissue
weakening, the uterosacral ligament resilience was assessed
in hysterectomy specimens. It was significantly reduced with
vaginal delivery, menopause, and older age."

The genital tract (ovary, uterus, cervix, and vagina) is
attached on each side to the pelvic side walls by end opelvic
fascia. In relation to a specific organ, the fascia is often
referred to as the mesentery of the organ. The mesenteries
not only support the organs but also carry their blood supply.
The mesentery of the ovary containing its vascular pedicle
is found at its craniolateral aspect and is known as the
infundibulopelvic ligament. Other mesenteries referred to as
ligaments include the broad ligament which, as the name
implies, is a wide expansive ligament on either side of the
uterus that attaches to the pelvic side wall. The broad
ligament contains the fallopian tubes, ligament of the ovaries
and uterus, and the uterine vasculature. The round ligament
is an additional uterine support found within the broad
ligament. The mesenteries blend into fibrous sheets that
become the cardinal and uterosacral ligaments. The cardinal
ligament is found at the base of the broad ligament. It
contains veins and the uterine artery and supports the uterus
along with the round ligament, ovarian ligament, and utero
sacral ligament. In all, there are six ligamentous supports of
the pelvic viscera: the broad, round, uterosacral, cardinal,
ovarian and infundibulopelvic. The origin of the cardinal
ligament is the greater sciatic foramen. The uterosacralliga
ment arises from the second through fourth sacral vertebrae.
Both surround the cervix and suspend it to the pelvic
sidewall. They extend downward from the cervix to suspend
the upper vagina as well.

There is no real separation between the cardinal and
uterosacral ligaments. The entire support apparatus is con
tinuous from the uppermost cardinal-uterosacral complex
to the pubocervical fascia. The cellular make-up of these
ligaments is a mixture of smooth muscle and connective
tissue. There has been histologic examination of some of
these tissues. The cardinal ligament, for instance, has been
shown to be primarily perivascular connective tissue run
ning parallel to the uterine vessels.'? In a small histopatho
logic evaluation of the uterosacral ligament, investigators
could not consistently identify normal ligamentous tissue,
particularly in the posthysterectomy pelves." The lack of
solid ligamentous tissue suggests that this structure may not
be a reliable fixed structure for prolapse repair but this
remains to be determined by larger studies.



VASCULAR AND NEUROLOGIC SUPPLY TO ALL PELVIC ORGANS

Continuous with the cardinal-uterosacral complex but
having its own anatomic distinction is the pubocervical
fascia. It is the endopelvic fascia lower in the pelvis where
the vagina meets the pelvic wall. The pubocervical fascia
attaches the vagina laterally to the arcus tendineus of the
fascia pelvis and supports the bladder to the same. Poste
riorly it blends with the cardinal ligaments and is encoun
tered when dissecting laterally beneath the vaginal wall at
the level of the bladder during anterior vaginal wall surgery.
Defects in this fascia produce anterior compartment pro
lapse. In description of anterior compartment prolapse, the
term "paravaginal defects" refers specifically to detachment
of the pubocervical fascia from the arcus tendineus. The
arcus tendineus may itself detach from the pubis or ischial
spine. In 71 retropubic operations, the arcus tendineus fascia
pelvis was noted to be detached from the ischial spine
over the pubis in a significant majority of cases (97.6%
versus 2.8%).19

The anatomy of vaginal support has been described in
terms of levels of support, a concept which helps concep
tualize the role of each ligament (Fig. 1.5).20 Level I support
at the vaginal apex is provided by the upper divisions of
endopelvic fascia, collectively known as paracolpium. These
fibers extend vertically and posteriorly toward the sacrum.
In level II the midportion of the vagina is connected laterally
to the pelvic walls by the paracolpium. This structural layer
is intimately related to the anterior vaginal wall and
stretches the vagina transversely between bladder and
rectum. At level III, the distal vagina is attached directly to
the surrounding organs and muscle without any intervening
fascia.

Just beneath and adjacent to the vagina in the posterior
compartment is a layer of fibromuscular tissue known as the
rectovaginal septum (Denonvillier's fascia). It is a fascial
continuation of the peritoneal cavity between the apex of

Figure1.5 Levels of vaginal support (from reference 2).

the vagina and anterior rectum. More distinctly, it is the
fusion of the posterior vaginal fascia and the prerectal fascia.
It too blends with the cardinal-uterosacral complex supe
riorly and fuses with the perineal body inferiorly. Laterally
the fused layers are known as pararectal fascia. Monoclonal
and polyclonal antibody tissue analysis of fetal and newborn
pelvic specimens has revealed that the rectogenital septum
is formed by mesenchyme in the early fetal period. There
is apparent coinnervation of the rectal muscle layers and
adjacent longitudinal muscle fibers of the septum. These
tissue findings support a functional correlation between
rectum and rectogenital septum; therefore, careful dissec
tion in this area during pelvic surgery could limit neural
damage and defecatory disturbance."

VASCULAR AND NEUROLOGIC SUPPLYTO
ALL PELVIC ORGANS
The blood supply of the levator ani, coccygeus, and piri
formis is the inferior gluteal artery. The innervation of the
levator muscles is a bit controversial. In a recent study,
detailed pelvic dissections of female cadavers were under
taken to elucidate the peripheral innervation of the female
levator ani muscles. Nerve biopsy specimens were obtained
to confirm the gross findings. The authors point out that
despite "specific and exhaustive attempts to locate pudendal
nerve branches to the levators, none could be demonstrated
in any cadaver.'t" Instead the levator ani were found to
be innervated by a nerve that originates from the third to
fifth sacral foramina which they termed the "levator ani
nerve." These findings contradict the belief that the pelvic
floor muscles are innervated by branches of the pudendal
nerve.n-25 The authors found that the pudendal nerve inner
vated the external anal sphincter, external urethral sphincter,
perineal muscle, clitoris, and perineal skin."

Another important finding from these dissections was that
the levator ani nerve crosses the coccygeal muscle precisely
at the point traditionally considered safe for sacrospinous
ligament fixation sutures, namely two fingerbreadths medial
to the ischial spine. Therefore, sacrospinous ligament fixa
tion (SSLF) would have a high potential for nerve injury or
entrapment. The authors postulate that injury to the levator
ani nerve and subsequent pelvic floor denervation and atro
phy could be another explanation for the high occurrence of
anterior vaginal wall prolapse reported after SSLF.n

The autonomic inferior hypogastric plexus (IHP) (left
and right pelvic plexuses) is the major nerve supply to pelvic
organs.26,27 It is located on pelvic side walls bilaterally
beneath the fascia and medial to the vasculature and extends
from the sacrum to the genital organs at the level of the
lower sacral vertebrae." It is composed of parasympathetic
fibers from sacral nerve roots S3-4 (nervi erigentes or pelvic
splanchnic) and occasionally S2 (sacral splanchnic nerves) as

7
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well as some sympathetic fibers from TII-12/Ll-2 from the
lumbosacral trunk (hypogastric nerve). The IHP is believed
to supply all the pelvic viscera. The posterior portion
supplies the rectum to the level of the internal anal sphincter
via the inferior mesenteric plexus branches, the bladder and
urethral sphincter via vesical branch and the uterus and
upper third of the vagina. It may also be supplemented by
autonomic supply from the ureter and arteries. In one study
of female cadavers, sacral splanchnic nerves were derived
from either S1 or S2 sympathetic ganglia, in contrast to
males in which all sacral sympathetic ganglia were
involved.i"

The location of the IHP within the pelvis may vary
between gender and between individuals of the same gender.
In females, the IHP nerve fibers were identified in four
locations and a total of 60 locations were observed in 49
female hemipelves. In 57% of cases, the IHP was found in
the uterosacral ligament. It was found parametrially in
30% of cases. It was found pararectally and in the fold
between the bladder and uterus in 2% and 11 % of cases
respecrively;"

The medial position of the IHP has important implica
tions for surgical procedures. More detailed knowledge of
IHP location can predict areas of concern for iatrogenic
injury during pelvic surgery. The sacral promontory is the
most superior region where operative injury may occur.
Operations such as aortocavallymph node dissections, colo
rectal surgery, and abdominosacral colpopexies may injure
the superior hypogastric plexus." Dissection of the meso
rectum or retrorectal space risks the superior hypogastric
plexus and pelvic and sacral splanchnic nerves. Pelvic lymph
node dissections around the internal iliac artery can injure
the IHP itself as well as dissection along the middle rectal
artery. Injury to the anterior IHP may occur during inter
vention near the distal ureter, uterine or inferior vesical
arteries, and Denonvillier's fascia.

Pelvic nerve damage is a well-known complication of
radical hysterectomy that may lead to bladder, anorectal,
and sexual dysfunction. Delineation of the anatomic distri
bution of important pelvic plexuses can help prevent
inadvertent injury and resultant neurogenic dysfunction.
From dissection of nerve branding and distribution of the
pelvic plexus of 12 female cadavers, the pelvic plexus and
subsidiary plexuses are laid closely to the lateral walls of
the pelvic organs. The pelvic plexus and the uterosacral
cardinal ligaments are closely related."

In radical hysterectomy as it is classically described,
branches of the pelvic plexus may be divided. Modifications
such as preservation of the lateral 1-2 em of the cardinal
ligament has been shown to reduce the incidence of post
operative urinary dysfunction compared to hysterectomy
requiring transection of the cardinal ligament flush with the
pelvic side wall and uterosacral ligament flush with the

rectum.30,31 The cardinal ligament and uterosacral ligament
contain considerable nerve tissue, including major nerve
trunks, ganglia, and free nerve fibers." The nerve content is
higher at the origin on the pelvic sidewalls than at their
insertion into the uterus. In a follow-up study by the same
investigators, different nerve types within the uterosacral
ligament and cardinal ligament were identified and quan
tified with neuropeptide markers." The content of nerve
fibers is different between the ligaments, and total nerve
content is higher in the uterosacral ligament. The utero
sacral ligament had a greater amount of sympathetic nerve
compared with cardinal ligament. Sympathetic and para
sympathetic nerve content was similar in the cardinal liga
ment. The sensory and sensorimotor components of the
cardinal ligament were less than those of the uterosacral
ligament. Larger diameter trunks were found in greater
numbers in the uterosacral ligament and likely represent
nerve supply to more distant pelvic organs supplied by the
IHP (bladder, large bowel, and uterine body). Radical hys
terectomy modifications that focus on less radical tran
section of the uterosacral ligament may reduce surgical
morbidity." Surgical technique may continue to evolve as
our knowledge of the autonomic nervous system in the
pelvis grows.

The genital organs within the female pelvis (ovaries,
fallopian tubes, uterus, and vagina) do not all have common
embryology; therefore, their blood supply and innervation
differ. Despite their differences, the internal iliac artery or
hypogastric artery is the main blood supply to the pelvis
and pelvic viscera. The ovary receives parasympathetic fibers
from the vagus nerve and syrnpathetics from TI0, the lesser
splanchnics, via the inferior hypogastric plexus. Ovarian
arteries are direct branches from the ventral aorta. There
is anastomotic connection to the uterine artery. Venous
drainage is accomplished by a pampiniform plexus that
coalesces into a single ovarian vein. Ovarian venous drainage
is not symmetric. The right ovarian vein drains directly into
the vena cava and the left into the left renal vein. The fallop
ian tubes receive a dual blood supply from the ovarian artery
which supplies the lateral third and uterine artery which
supplies the medial two-thirds. The fallopian tubes receive
parasympathetic and sympathetic innervation along the
ovarian and uterine arteries.

The uterus receives vascular supply from the uterine
artery, a branch of the anterior trunk of the internal iliac
artery. There are contributions as well from the ovarian
artery and vaginal artery. The uterine artery also supplies
the cervix and gives contributions to the vagina. These
vessels run in a circuitous path within the broad ligament.
The pelvic ureter is in close proximity to the uterus and its
vasculature. Attention to its location is necessary during
many pelvic procedures to avoid ureteral injury. Near the
infundibulopelvic ligament, the ureter is crossed by the



gonadal vein. The ureter crosses the cardinal ligament at its
lowest portion and travels caudally. In this area it is sur
rounded by the uterine venous plexus and uterine artery. It
then passes the supravaginal portion of the cervix approxi
mately 1.5 em from it on either side to reach the bladder.
The venous drainage of the uterus is a plexus with several
levels converging into a main vein within the myometrium.
This uterine plexus communicates with ovarian and vaginal
plexuses as well. Innervation to the uterus arises from the
inferior hypogastric plexus. The vaginal blood supply travels
laterally within the cardinal ligaments and through the para
vaginal suspensory ligaments to the vagina. The main artery
is the vaginal branch of the internal iliac artery but there
may be vaginal arteries that arise from the uterine artery or
inferior vesical artery. Additionally there is a vaginal arterial
plexus that extends to a midline vaginal artery, sometimes
referred to as the azygous artery of the vagina. A vaginal
venous plexus communicates through the cardinal ligament
with the venous system of the bladder, rectum, and para
vaginal tissues.

The nerve supply to the vagina is extensive. Of greatest
importance are the pudendal nerve (S2-4) and the inferior
hypogastric plexus. Sensory afferents to the skin and sub
cutaneous tissues of the lower two-thirds of the vagina are
via the pudendal nerve. Efferent motor somatic supply is
not significant to the vaginal wall since there is no striated
muscle. Visceral nerve supply for the upper vagina, muscu
lature, and glands arises from the inferior hypogastric plexus.
Afferent fibers transmit noxious stimuli from the peritoneum
and pouch of Douglas, cervix and upper third of the vagina
to the nerve roots S2-4. Efferent fibers supply the smooth
muscle and glands of the vagina.Sympathetic nerves accom
pany sacral nerves of the hypogastric plexus. Parasympa
thetic fibers are carried by the pudendal nerve in the inferior
hypogastric plexus to the lower portion of the vagina.

The arterial supply to the bladder includes a variety of
vessels. Superior vesical arteries (1-4) arise from the umbil
ical artery to supply the upper bladder. The middle vesical
artery may arise from the umbilical artery or as a branch of
the superior vesicle artery and supplies the bladder body.
The vaginal artery may supply the inferior bladder neck.
Additional supply may be given by the obturator or inferior
gluteal arteries. Most arteries to the bladder arise from the
umbilical artery trunk of the internal iliac artery, except the
inferior vesical artery which is its own branch off the inter
nal iliac. Venous return is by a vesical plexus. Innervation of
the bladder can be divided into that to the bladder itself and
that to the bladder outlet The bladder is innervated by the
pelvic plexus found just lateral to the rectum. The plexus has
input from S2-4 spinal segments by the pelvic splanchnic
nerve and input from TIG-L2 segments by the presacral
nerve. The detrusor receives parasympathetic input from
the pelvic nerve. Sympathetic input is carried on the hypo-

RESEARCH IN ANATOMY I
gastric nerve. The female urethra receives arterial supply
from branches of the vaginal artery. Venous drainage is via
the pelvic venous plexus.

According to recent studies of the lower urinary tract in
fetuses, the anatomy of the urethral sphincter differs by
gender. The continence mechanism is composed of detrusor,
trigone, and urethral sphincter muscle with distinctive
histologic features in both sexes." In females, the external
urethral sphincter covers the ventral surface of the urethra
in a horseshoe shape. Inferiorly, the size of the external
sphincter increases and envelops the distal vagina. The
levator ani muscles do not support the proximal urethra and
may not actively control continence."

The blood supply to the anorectum is provided by the
inferior hemorrhoidal artery and a perineal artery, both
branches of the pudendal artery. The superior hemor
rhoidal, a continuation of the inferior mesenteric artery,
supplies the rectum above the anorectal junction. The mid
dle rectal artery, which may arise from the internal iliac
artery or internal pudendal artery, is also a contributor. The
venous drainage follows arterial supply. The sympathetic
innervation to the anorectum is the superior and inferior
hypogastric plexuses. Parasympathetic innervation is carried
on the second, third and fourth sacral spinal nerves. Sensory
and motor innervation are distributed on several peripheral
nerves.

RESEARCH IN ANATOMY
Several MRI studies of the pelvic floor have been under
taken to describe both normal and abnormal pelvic floor
anatomy.35-40 The levator ani anatomy and endopelvic fascia
and urethra have been examined with MRI to detect
anatomic variations in nulliparous women. Certainly, the
establishment of normal variation in healthy women is impor
tant prior to description of differences related to trauma,
injury or aging. Even in 20 healthy continent nulliparous
women with normal pelvic examinations and normal
urodynamic results, there was considerable difference in
MRI findings that were not attributable only to technical
limitations in measuring technique. There was an absence
of visible insertion of the levator ani inside the pubic bone
bilaterally in 10% of all women, which contradicts the classic
description of normal anatomy in textbooks. The variations
observed clearly point out the need for further studies
before standardizing an imaging technique for assessment of
the pelvic floor,"

Since vaginal delivery is considered a major risk factor
for levator ani damage and the development of SUI, an
interesting study utilizing MRI from nulliparous women and
vaginally primiparous women was undertaken. The authors
proposed that the comparison of images would describe
the appearance and occurrence of abnormality in levator 9
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muscles in nulliparous women and in women after their
first vaginal birth." Additionally, images of continent and
incontinent women were compared. Abnormality in levator
muscles wasfound in both continent and incontinent women
but was demonstrated only in women who had delivered
vaginally and not nulliparous women. Within the primi
parous group, 28% of incontinent women demonstrated a
defect in the levator ani, compared to 11% of continent
women, making stress incontinent primiparous women
twice as likely to have a muscle abnormality. The authors
conclude that these findings are the first scientific evidence
in support of vaginal birth as a source of levator ani muscle
damage. Furthermore, the MRI images have provided visu
alization of the type of pelvic floor injury that occurs during
vaginal birth. They suggest that further research with a
population-based study is needed, as well as additional
research to identify induced CT rupture in the vaginal
supports that playa role in pelvic floor dysfunction. Another
interesting concept put forth in this study is using MRI
and electromyography as complementary techniques in
order to also assesspelvic nerve injury. This may help define
the relationship between nerve injury and MRI-visible
abnormalities."

Three-dimensional MRI has been used to assess levator
ani morphologic features among different grades of prolapse
and comparison was made with nulliparous asymptomatic
women as controls." The authors were able to identify
patterns of change in the levator ani but alterations in levator
ani morphology were not dependent on the grade of pro
lapse. Additionally, not all women with pelvic organ
prolapse (POP) had abnormal levator morphology. What did
seem to change with increasing grade of prolapse was the
gap between levator and pubic symphysis and the levator
hiatus. Further study of MRI in POP may find it a useful
predictor as to which patients might develop recurrent
prolapse after surgery."

One limitation of current MRI technique is that, at pres
ent, studies are all performed in the supine position which
mayor may not introduce distortion. Technical advances in
MRI are needed before images of satisfactory detail can be
obtained in standing subjects. The choice of slice thickness
for images on MRI is a compromise. Thinner slices offer
higher spatial but poorer image resolution whereas thicker
slices offer the converse. There is also the possibility of
subjective bias in reading the scans."

MRI has been employed to examine the structural regions
of the urethra in nulliparous women and was determined
to be successful at showing the normal appearance and
location in continent, nulliparous women." This may help
with future investigations to describe structural abnormal
ities that might be associated with urinary incontinence.

Three-dimensional reconstruction from serial histologic
sections allows for precise description of morphometry and
appreciation of spatial relationships of one structure to
another. Such an investigation has been undertaken of the
hypogastric plexus of a human fetus." Serial pelvic histo
logic sections were digitized from slides directly. Using a
reconstruction program, the image treatment and recon
struction were performed manually. Results allowed the HP
to be visualized and studied in three dimensions. Although
the technique is time consuming, advancing technology may
simplify and streamline the technique. Studying anatomy
and embryology may be dramatically changed by these revo
lutionary imaging/computer technologies.t"

Another intriguing modern investigation in human
anatomy is the Visible Human Project through the National
Library of Medicine." Established in 1989, this undertaking
sought to build a digital image library of volumetric data
representing the complete adult anatomy of both sexes. It
defines the anatomy of the adult human in three dimensions
and at high resolution (Fig. 1.6). The visible human female
data set was released in 1995 and contains 5189 anatomic

10
Figure1.6 Transverse and three-dimensional images created from the female human database project."



images." It is currently used as a tool to teach anatomy and
in the future it may be combined with surgical and anes
thesiology simulators to create a virtual operating room." It
could then be used to teach surgical skills to physicians in
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The Physiology of Micturition
and Urine Storage
William D Steers and Adam P Klausner

CHAPTER

2
INTRODUCTION
The lower urinary tract is composed of the bladder and an
outlet that includes the bladder neck, urethra, and external
urethral sphincter. These structures form a functional unit
that switches between urine storage and release depending
on the status of the nervous system. Urine storage requires a
low bladder pressure that does not exceed outlet resistance.
Urine release requires intact innervation, adequate detrusor
contractility, and coordinated relaxation of the bladder out
let and pelvic floor. Failure to meet these basic requirements
can produce residual urine, urinary incontinence, hydro
nephrosis, urinary tract infections, calculi or deterioration
of bladder and renal function. Both passive and active mech
anisms participate in the maintenance of continence. Urinary
continence relies on an active relaxation of the bladder body
and maintenance of tone by the bladder neck and urethra.
Continence also relies on the passive, viscoelastic properties
of these tissues and their pelvic supports.

The nervous system, the muscular and connective tissue
components of the detrusor, urethra, and pelvic floor, as well
as the urothelium itself all play significant roles in bladder
function. The role of the nervous system in the lower
urinary tract is unique. Central neural input is crucial for
bladder function in contrast to its modulatory role in other
viscera. This neural input is the result of integration and
coordination of autonomic and somatic pathways, and these
neural networks can rapidly reorganize following injury or
disease. Such unique neurophysiologic properties accentu
ate the importance of understanding how reflex pathways
control bladder and urethral function. Apart from the
nervous system, the bladder, urethra, and supporting tissues
have unique, intrinsic properties which contribute to the
continence mechanism. In addition, there is a growing body
of evidence which demonstrates that the urothelium func
tions as a mechano- and chemosensor and that intraluminal
contents can influence urine storage and release. By gaining
a comprehensive understanding of voiding and storage
mechanisms, the clinician can formulate a rational plan for
the treatment and prevention of urinary incontinence.

ANATOMY
Bladder. The urinary bladder is a hollow viscus composed
of coarse bundles of smooth muscle fascicles. Connective
tissue and extracellular matrix consisting of collagen and
elastin are interspersed between the muscle fascicles. In
addition, intramural ganglia and interstitial cells may con
trol discrete bladder regions and form functional modules.'
There is not a one-to-one relationship between free nerve
endings and smooth muscle cells. Rather, excitation spreads
throughout an interconnected syncytium of cells. Gap
junctions composed of connexin 43 may enhance coupling
and facilitate the initiation, maintenance, and modulation of
detrusor contractions. Indeed, this arrangement may explain
how the bladder sustains a contraction even with progressive
shortening of fiber length. With overactive states, it has been
postulated that increased coupling between cells produces
involuntary contractions.' Furthermore, the electrochemical
excitability of smooth muscle cells increases with some
overactive conditions.

Urethra. The urethra is composed of epithelium sur
rounded by lamina propria and a thin layer of circular
smooth muscle. Beneath this, a thick longitudinal layer of
smooth muscle runs along the entire urethral length. More
distally, the urethra is surrounded by a horseshoe-shaped
mass of striated muscle termed the external urethral sphinc
ter (EUS). Resting tone is myogenic since nerve-blocking
agents such as tetrodotoxin, guanethidine, and atropine fail
to abolish contractile activity of urethral smooth muscle
strips. Figure 2.1 depicts a sagittal section of the human
female urethra.

External urethral sphincter. Striated muscle extends
over the distal two-thirds of the female urethra. This muscle
has been termed the EUS and is derived from the pub
orectalis muscle; 87% of the muscle fibers are Type I which
produce slow, nonfatigable contractions. However, signifi
cant racial differences may exist in the types of fibers which
make up the EUS. The EUS receives somatic innervation
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system, and an efferent limb, which provides motor outflow
to the bladder and urethra. By definition, afferent refers to
input to a dendrite or soma of a neuron. Efferent refers to
axonal transmission from a neuron. The lower urinary tract
receives afferent and efferent innervation from the pelvic,
hypogastric, and pudendal nerves as well from the sym
pathetic chain (Fig. 2.2). Direct nerve pathways to the lower
urinary tract derive from both the spinal cord and the brain.
Spinal pathways can be classified as parasympathetic, sym
pathetic or somatic. Brain pathways originate mainly from
the pons; however, the cerebral cortex and diencephalon also
influence micturition.

Figure 2.1 Sagittal section through the human female urethra. The
diagram depicts the layers of circular and horizontal smooth
muscle as well as the supporting structures that comprise the
urethra.

z
~ from the pudendal nerve and previous investigators have
U found that pudendal nerve block reduces maximal urethral
~ pressure in female volunteers.'
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Urethral support system. The pubourethral liga
ments fix the midurethra and suburethral vaginal wall to the
pubic symphysis. The suburethral vaginal wall serves as the
floor for the urethra and, in women with bladder descent,
facilitates bladder neck closure by mechanical compression.
A rise in urethral pressure occurs prior to a rise in intra
abdominal pressure, indicating an active role for this support
system. In addition to active urethral tone, the passive tissue
properties of the bladder and outlet participate in this process.
The endopelvic fascia and levator ani, by providing pelvic
support, also facilitate urine storage in women. However,
recent work has revealed that the levator ani muscles are not
innervated by the pudendal nerve as previously believed.
Rather, sacral roots S3-5 give rise to a separate levator ani
nerve." Therefore, demonstration of pudendal neuropathy
on electrophysiologic studies may approximate, but not
define, neurologic damage to the levators since this nerve
does not provide their neural input. Structural damage to
these tissues or their innervation allows less resistance to
deformation during abdominal straining. Thus, urethral
closure would not be assured.

LOWER URINARVTRACT INNERVATION
Reflex pathways to the lower urinary tract consist of an
afferent limb, that relays information to the central nervous

Figure 2.2 Autonomic and somatic innervation of the lower
urinary tract. Sympathetic (yellow) preglionic outflow emerges
from the thoracolumbar spinal cord, enters the sympathetic chain
(SC) and then travels via the lumbar splanchnic nerve to the celiac
plexus (CP) and superior hypogastric plexus (SHP).The
hypogastric nerve then conveys these preganglionic and
postganglionic fibers to the pelvic plexus (PP) or the bladder and
urethra. Parasympathetic (green) preganglionic outflow to the
lower urinary tract arises in the sacral spinal cord S2-4 and runs in
the pelvic nerve to the pelvic plexus or to bladder wall ganglionic
cells. Somatic (brown) neural output to the external urethral
sphincter and the pelvic floor originates from the sacral cord
segment S2-4 and runs in the pudendal nerve.



Spinal pathways to the lower urinary tract
Parasympathetics
AFFERENT PATHWAYS. Parasympathetic sensory neurons
reside in the S2-4 dorsal root ganglia. These bipolar cells
send long processes to the urinary smooth muscle and
epithelium. Low-threshold myelinated (A8) and unmyeli
nated (C) afferent fibers convey mechanical or noxious
(nociceptive) stimuli to the dorsal horn of the spinal cordY
The mechanoceptive afferents responsible for initiation of
micturition travel in the pelvic nerve.' The presence ofurine
in the urethra probably activates additional afferents that
reinforce the micturition reflex."This reflex may explain the
common coexistence of detrusor overactivity and stress
incontinence, also called "stress hyperreflexia" (Fig. 2.3).

Bladder and urethral afferents enter the dorsal horn of the
spinal cord and project laterally toward the sacral parasym
pathetic nucleus (SPN).9 Overlap of bladder and urethral
afferents suggests that these regions coordinate vesico
sphincteric reflexes," Second-order neurons relay afferent
input to supraspinal sites including the hypothalamus and
pons." The hypothalamus coordinates autonomic activity
between multiple organ systems." The pons controls vis
ceral functions, including micturition and defecation.

In addition to providing information to the central nerv
ous system on the status of the lower urinary tract, afferents
can directly influence bladder and urethral function.
Electrical, chemical, and mechanical stimulation of bladder
afferents results in an alteration of smooth muscle contrac
tility, blood flow, and immune response. These alterations

Urethra

Figure 2.3 Stress hyperreflexia. In this diagram, the presence of
urine in the urethra (voluntary or involuntary) triggers afferents
which reinforce the micturition reflex.

LOWER URINARY TRACT INNERVATION I
are mediated through the release of neuropeptides from
peripheral nerve terminals.!'

EFFERENT PATHWAYS. Parasympathetic outflow to the
bladder and urethra originates in the sacral parasympathetic
nucleus (SPN). The SPN is located in the intermediolateral
cell column of the S2-4 sacral spinal cord. This nucleus
contains the cholinergic preganglionic neurons responsible
for micturition, defecation, vaginal relaxation, and clitoral
engorgement. Injuries to these regions can result in the triad
of bladder, bowel, and sexual dysfunction. Preganglionics
exit the spinal cord in the ventral spinal nerves to form the
pelvic nerve and then synapse on postganglionic neurons
in pelvic ganglia. The pelvic ganglia reside on either side of
the rectum and vagina and in the walls of the bladder and
urethra.

PHARMACOLOGY AND THERAPEUTIC TARGETS. Nerves in
the human bladder contain an assortment of neurotrans
mitters including acetylcholine, noradrenaline, and neuro
peptides." Preganglionic parasympathetic efferents contain
acetylcholine as well as enkephalins (ENK), galanin, chole
cystokinin (CCK), and nitric oxide (NO).13-16 Cholinergic
efferents activate nicotinic receptors on postganglionic
neurons in the pelvic plexus. These postganglionic nerves
release acetylcholine which excites muscarinic receptors
(M3/M2) expressed by bladder and urethral smooth muscles
as well as by the urothelium itself. Thus, antimuscarinic
drugs provide useful therapy for detrusor overactivity and
increase bladder compliance." The muscarinic receptor
responsible for human bladder contraction is the M3 sub
type." Although this subtype predominates, the M2 receptor
is mainly responsible for turning off cAMP-mediated
relaxation mechanisms of the detrusor." Oxybutynin,
tolterodine, and trospium are nonselective antimuscarinics.
Newer antimuscarinics darifenacin and solafenacin act pre
dominantly on M3 receptors. Unfortunately, M3 receptors
are also expressed by the gut and salivary glands. Thus, side
effects of dry mouth and constipation still occur with M3
antagonists (Ikeda, Kobayashi et al. 2002).

Nonadrenergic noncholinergic (NANC) transmitters,
most notably adenosine triphosphate (ATP), act in conjunc
tion with acetylcholine to contract detrusor smooth muscle.
Antimuscarinics often fail to abolish bladder overactivity
because of their inability to block noncholinergic excitatory
transmission to the bladder," Purinergic transmission (ATP)
provides a greater share of excitatory input to the bladder
with aging or after pelvic surgery with presumed partial
denervation"

In the urethra, cholinergic transmission appears to play
only a modulatory role in smooth muscle relaxation.
Cholinergic innervation of the urethra is not completely
understood. However, electrical stimulation of the ventral
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sacral nerve roots reduces urethral pressure, implying that
there is a parasympathetic-induced urethral relaxation.
Activation of muscarinic receptors on adrenergic nerve
terminals in the lower urinary tract inhibits noradrenaline
release." Therefore, presynaptic inhibition of noradrenaline
release may be regulated by cholinergic nerves in the ure
thra. This mechanism may contribute in part to parasym
pathetic-induced urethral relaxation (Fig. 2.4). On the other
hand, direct, noncholinergic reflex relaxation of the urethra
has been attributed to the inhibitory transmitter nitric oxide
(NO).24 Nitric oxide synthase (NOS) is an enzyme which
catalyzes the production of NO from L-arginine. Nerve
terminals in the bladder and urethra are immunoreactive
for this enzyme" and inhibition of NOS reduces urethral
relaxation." Considering these data, it is tempting to
speculate that NO is responsible for neurogenic relaxation
of urethral smooth muscle.

Sensation of bladder fullness and pain is mediated by
afferent nerves which relay information to the sacral dorsal
root ganglia. Afferents in the sacral dorsal root ganglia
contain VIP, substance P (SP), calcitonin gene-related
peptide (CGRP), ENK, CCK, glutamate, ATP, and NO. lO

Therefore, it is not surprising that anticholinergic drugs
have less effect on sensory than motor disorders of the lower
urinary tract. Depletion of SP and related peptides with the
vanilloid receptor agonists capsaicin or resiniferatoxin
depresses the micturition reflex/"!' In humans, intravesical
administration of capsaiciu/resiniferatoxin transiently
reduces bladder sensation and irritable voiding," These
agents reduce incontinent episodes in some patients." This

Figure 2.4 Parasympathetic-induced urethral relaxation. Electrical
stimulation of pelvic efferents may contribute to urethral
relaxation indirectly. In this diagram, electrical stimulation triggers
parasympathetic efferents which then synapse on adrenergic
terminals in the urethra. This inhibits adrenergic tone and allows
nitric oxide-mediated relaxation to predominate. In this manner,
parasympathetic tone induces urethral relaxation.

implies that SP or a related peptide is involved in the
micturition reflex. SP and related neurokinins act via NK-l
and NK-2 receptors. Selective NK-2 receptor antagonists
inhibit bladder conrraction." In the dorsal horn, NK-l
receptor antagonists inhibit micturition. These findings
indicate that neurokinins play an important role in afferent
transmission from the bladder."

More recently, ATP has been shown to playa prominent
role in afferent transmission from the bladder. P2X3
receptors reside on bladder afferenrs.t" Mice with homozy
gous deletion of the gene for this receptor demonstrate
enlarged bladders and reduced intravesical sensation."
Clinically, changes in expression of this receptor have been
shown in patients with detrusor overactivity.

Sympathetics
EFFERENT PATHWAYS. Sympathetic preganglionics in the
lower urinary tract arise from the intermediolateral cell
column, and possibly the nucleus intercalatus, in the
TII-L2 segments of the spinal cord. Preganglionics leave
the spinal cord in the ventral roots and enter the sympa
thetic chain. Axons coursing through the sympathetic chain
without synapsing form the lumbar splanchnic nerves which
then project to the superior hypogastric plexus. Some pre
ganglionics may synapse in the superior hypogastric plexus,
while other axons travel in the hypogastric nerve toward the
pelvic plexus (see Fig. 2.2). It is important to note that pelvic
surgery often injures some of these nerves. Preganglionics in
the hypogastric nerve then synapse within the pelvic plexus
or on bladder or urethral ganglion cells. Postganglionic
nerves from the sympathetic chain ganglia travel toward the
bladder and urethra in the pelvic nerve.

PHARMACOLOGY ANDTHERAPEUTICTARGETS. Sympathetic
preganglionics release acetylcholine which excites nicotinic
receptors on postganglionic neurons. These postganglionic
cells contain noradrenaline. Noradrenaline released from
postganglionics contracts smooth muscle in the urethra and
bladder base. This contraction is due to stimulation of a,
adrenoceptors" The aId receptor subtype is found in the
bladder neck while the ala-receptor predominates in the
urerhra" In contrast, B3-adrenoceptors inhibit smooth
muscle activity in the bladder body, base, and urethra."
Moreover, stimulation of a l and Breceptors facilitates trans
mission in pelvic ganglia whereas a 2 stimulation inhibits
transmission (see Storage Reflexes, below).

The noradrenergic innervation of the human urethra is
sparse relative to other species. However, an increase in
noradrenergic innervation and response to adrenergic
drugs occurs in several pathologic conditions including
obstruction of the bladder outlet and denervation." These
pharmacologic changes explain the clinical efficacy of a l 

adrenergic blockers in obstructive and hyperactive voiding



disorders, yet the minimal effect of these drugs in normal
individuals."

Somatics
EFFERENT PATHWAYS. The neurons innervating the striated
muscle of the EUS and pelvic floor emerge from the anterior
horn of the second to fourth sacral spinal cord segments,
from an area termed Onuf's nucleus. Efferents to the EUS
and the periurethral striated muscle travel in the pudendal
nerve (see Fig. 2.2).37,38 However, efferents to the levator ani
do not travel in the pudendal nerve as previously believed.
Rather, these nerves originate in the lower portion of the
sacral spinal cord and travel in a nerve variously termed the
coccygeal nerve or nerve to the levator ani." Importantly,
branching sacral preganglionic axons project to Onuf's
nucleus, providing the substrate for inhibition of these
neurons during voiding,"

AFFERENT PATHWAYS. Afferents from the EUS travel in the
pudendal nerve. The termination of pudendal nerve affer
ents in the spinal cord overlaps with afferents in the pelvic
nerve from the bladder." However, afferents in the pudendal
nerve demonstrate a more diffuse and central termination
in the dorsal horn than those from the pelvic nerve. 37,38

Stimulation of these afferents as well as those of the pos
terior tibial nerve inhibits detrusor contraction. Clinically,
sacral neuromodulation using InterStim (Medtronic,
Minneapolis, MN) as well as pelvic floor muscle exercise
have been shown to be useful for treating bladder over
activity and urge urinary incontinence'? and may rely on
activation of these and other somatic afferents from pelvic
muscles such as the levator ani."

PHARMACOLOGY AND THERAPEUTIC TARGETS. Striated
muscles of the lower urinary tract and pelvis are innervated
by cholinergic fibers in the pudendal nerve.f Acetylcholine
acts on nicotinic receptors located at the motor endplate.
Activation of nicotinic receptors on striated muscle elicits
contraction. Overactivity of the EUS is reduced by botu
linum toxin, which prevents neurotransmitter release."
Similarly, pancuronium paralyzes the EUS.44 After treatment
of the EUS with botulium toxin or pancuronium, incon
tinence at rest does not occur, a finding which is seen after
blockade or transaction of the pudendal nerve. This implies
that incomplete EUS inhibition is occurring with these
pharmacologic agents.

Muscle fibers of the EUS contain noradrenergic vari
cosities and blockade of aI-receptors is another pharma
cologic mechanism through which EUS relaxation can be
produced.l' However, aI-blockers may also work directly in
the spinal cord to reduce EUS activity'" Onuf's nucleus
is surrounded by noradrenergic and serotoninergic (5-HT)
fibers originating from the brainstem. NA and 5-HT activate

LOWER URINARY TRACT INNERVATION I
a and 5-HT-l receptors that influence pudendal nerve
activity. The selective NA/5-HT reuptake inhibitor dulox
etine enhances pudendal nerve activity and reduces stress
incontinent episodes."

Brain pathways to the lower urinary tract
AFFERENT PATHWAYS. Ascending tracts arising in the
dorsal horn of the spinal cord transmit sensory information
from the lower urinary tract to the pons." These dorsal
horn neurons are located in areas that receive dense pro
jections from bladder afferents including lateral lamina I and
lamina V-VII.9

EFFERENT PATHWAYS. There does not appear to be a distinct
pontine micturition center; rather, several regions of the
pons initiate, coordinate, and integrate lower urinary tract
function. Anatomic, pharmacologic, and electrophysiologic
evidence implicates several pontine sites in the control of
bladder function, including the locus ceruleous alpha, dorso
lateral tegmentum, and periaqueductal gray.49,50 Stimulation
of the dorsomedial pons duplicates events that occur during
micturition such as bladder contraction and synchronous
inhibition of the EUS.50Conversely, stimulation of the dorso
lateral pons imitates functions necessary for urine storage
including increased activity of the EUS and inhibition of the
bladder," Together these observations provide compelling
evidence for pontine regulation of urine storage and release.

There is substantial anatomic overlap in the brain sites
involved in both the stress response and the control of
micturition. Foot shock stress produces significant increases
in corticotropin-releasing factor (CRF) mRNA in Barrington's
nucleus, the region that controls micturition in rodent
brains." Likewise, injection of pseudorabies virus into the
bladder labels neurons in the amygdala, bed nucleus stria
terminalis, hippocampus, and prefrontal cortex, areas which
are important in the central stress response.f Interestingly,
these areas are also activated after chemical cystitis" and
electrical stimulation of these areas affects bladder activity.54
Therefore, it appears that the areas critically important
in the central stress response also participate in bladder
activity. CRF given within the spinal cord reduces the
threshold for micturition, an action blocked by CRF antag
onist astressin." Thus it is not surprising that stressful con
ditions can elicit bladder overactivity, possibly via CRF
modulation.

PHARMACOLOGY AND THERAPEUTIC TARGETS. A variety of
excitatory and inhibitory inputs regulate pontine function.
Enkephalinergic varicosities have been demonstrated in
the pons, SPN, and Onuf's nucleus'? and a group of pontine
neurons is under tonic inhibition by enkephalinergic
neurons. Intrathecal administration of f...l- and <>-opiate
agonists inhibits the micturition reflex, whereas x-receptor 19
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agonists inhibit sphincter reflexes.56
,57 In humans, systemic

and intrathecal naloxone, an opioid antagonist, decreases
bladder compliance, supporting the concept of an endoge
nous opiate mechanism in the regulation of urine storage.58

Postoperative urinary retention has been attributed to the
action of either endogenous opiates or narcotic analgesics
in the CNS. Furthermore, opiate agonists are being investi
gated as possible treatments for overactive bladder.

Nonopiate transmitters also influence lower urinary tract
function. Glycine, GABA, and 5-hydroxytryptamine (i.e.
serotonin or 5-HT) inhibit bladder activity by interaction
with afferent terminals or parasympathetic preganglionics
in the sacral spinal cord." Intrathecal baclofen, a GABA-B
agonist, raises the threshold for micturition in patients with
spinal pathology, probably by inhibiting afferent input.60

,6 1

Similarly, administration of 5-HT to thoracolumbar pre
ganglionic neurons facilitates vesicosympathetic storage
reflexes. Many 5-HT agonists when administered systemi
cally inhibit micturition." Consistent with these observa
tions, drugs that inhibit 5-HT uptake such as tricyclic
antidepressants are useful for treating urge urinary inconti
nence and enuresis."

The primary neurotransmitter contained within ascend
ing and descending pathways involved in micturition and
storage is glutamate, which acts at several types of receptors.
Activation of NMDAIAMPA/kianate receptors facilitates
neurotransmission in the pons and spinal cord, thereby
lowering the micturition threshold. 5o

,64 Dopamine influences
micturition and storage through activation of excitatory 01
receptors and inhibition of 02 receptors in the brain."
Oxytocin and NO inhibit voiding."

It is easy to envision how any disruption of central
inhibitory pathways with tumor, stroke, inflammation or
trauma may shift the balance of positive and negative inputs
on micturition pathways. Bladder overactivity and urge
incontinence could develop by facilitation of a voiding
reflex or inhibition of a storage reflex.

NEUROPHYSIOLOGY
Voiding reflexes
The sensory reflex limb. Mechanoreceptive and
possibly chemoreceptive suburothelial nerve endings
coursing between muscle fascicles in the bladder wall are
responsible for initiation of the voiding reflex.67,68 Bladder
afferents are quiescent at low bladder volumes but fire at
threshold intravesical pressures of 15-20 cmH 2o.5 Their
conduction velocities range from 1.2 to 30 rn/s which is
consistent with activation of AO, lightly myelinated fibers.69

Bladder afferents in the pelvic nerve synapse on neurons in
the sacral spinal cord. Some of these second-order neurons,
in turn, project rostrally to the pons. In humans, bilateral
lesions of the spinothalamic tracts abolish bladder sensation

and disturb normal voiding, a finding which indicates that
ascending inputs from the bladder travel in or in proximity
to these pathways" (Fig. 2.5).

Afferent inputs from the urethra also influence micturi
tion. As urine flows through the bladder outlet, afferent
fibers send sensory information to the spinal cord and higher
centers. In turn, these fibers synapse onto pathways which
facilitate a more forceful and complete bladder contraction."
With stress urinary incontinence, urine entering the urethra
may activate this urethrovesical reflex and trigger involun
tary detrusor contractions. This mechanism could explain
the relatively common association of stress and urge (due to
involuntary detrusor contractions) urinary incontinence,
sometimes termed "stress hyperreflexia" (see Fig. 2.3).

Central coordination of voiding reflexes. A substan
tial body of evidence suggests that the pons serves as the
command and control center for micturition. Lesioning
experiments offered the earliest evidence that the pons was
important for voiding." Subsequently, it was shown that
injection of viral retrograde tracers into the bladder labeled
pontine neurons." More recently, positron emission trans
mission (PET) and functional blood oxygen level depletion
(fBOLD) magnetic resonance imaging (MRI) have demon
strated activation of a pontine micturition center during

Figure 2.5 Distension of the bladder triggers firing in AS afferents
conveyed by the pelvic nerve. These afferents synapse in the spinal
cord and second-order neurons relay the input to neurons in the
pons. Excitatory descending pontine input to sacral preganglionics
initiates a detrusor contraction.



voiding." Furthermore, electrical and chemical activation of
discrete areas of the pons induce bladder contraction and
coordinated relaxation of the EUS.49,50

The motor reflex limb. A voiding reflex directly stimu
lates bladder contraction mainly by activation of M3
muscarinic receptors on bladder smooth muscle. However,
other reflexes promote emptying by reducing outlet resist
ance. Pudendal efferents originating from Onuf's nucleus
become quiescent during voiding.50 During micturition,
descending input from the pons inhibits these somatic
motoneurons. Additionally, axon collaterals from sacral pre
ganglionic neurons project to Onuf's nucleus," Thus, with
firing of bladder preganglionics, inhibition of sphincter
motoneurons occurs, possibly by hyperpolarizing these
cells." In addition, efferent parasympathetic pathways in
the pelvic nerve appear to be involved in relaxation of the
bladder outlet. This is inferred because electrical stimu
lation of sacral nerve roots lowers urethral pressure" (see
Fig. 2.4). In this regard, it is possible that afferents in the
bladder trigger a pelvic nerve-mediated urethral relaxation
reflex mediated by a substance such as NO.

Storage reflexes
Detrusor-sphincter reflex. To promote bladder accom
modation and urethral sphincter contraction during urine
storage, the parasympathetic pathway is inhibited while
sympathetic and somatic pathways are activated. A detrusor
sphincter reflex exists in which bladder distension produces
afferent firing in the pelvic nerve. An intersegmental path
way from the sacral to thoracolumbar cord stimulates
preganglionics in the hypogastric nerve. This provides
excitatory outflow to the bladder base and urethra, resulting
in increased outlet resistance. Overactivity of sympathetic
efferents supplying the bladder outlet may contribute to
functional obstructive disorders found in anxious young
women.

Guarding reflex. Bladder afferents in the pelvic nerve
also trigger motoneurons in Onuf's nucleus, causing somatic
outflow to the EUS manifested as the guarding reflex. EUS
motoneurons exhibit a tonic discharge that increases during
bladder filling. Overactivity of the guarding reflex may
contribute to urinary retention after pelvic surgery.

Central coordination of storage reflexes. The urine
storage center resides in a lateral pontine area. This
supraspinal site inhibits sympathetic and somatic nerves
during voiding. The cerebral cortex must also project to the
EUS neurons since voluntary interruption of micturition or
an enhanced guarding reflex is possible. This pathway forms
the anatomic substrate for the nonneurogenic, voluntary
dyssynergia syndrome observed in some children.

NEUROPHYSIOLOGY I
Reflex control ofbladder compliance. During bladder
filling, the intravesical pressure remains low and constant
(5-10 cmH20). Viscoelastic properties of the bladder wall
and the electromechanical properties of smooth muscle
contribute to bladder compliance during filling. 76 However,
bladder compliance must also be influenced by sacral neural
input because intrathecal drugs can dramatically alter this
value.56

,60,6! In addition, stretch-induced production of local
factors such as prostaglandins, NO or parathyroid hormone
related protein could theoretically influence bladder com
pliance through urothelial reflexes. In animals, the hypogastric
pathway inhibits the detrusor smooth muscle." However, in
humans, the importance of sympathetic innervation on
bladder during filling is controversial."

Reflex inhibition of efferent pathways. In addition
to activation of sympathetic and somatic pathways, urine
storage relies on inhibition of central and peripheral para
sympathetic efferent pathways. Descending supraspinal
input restricts sacral preganglionic outflow to the bladder.
This inhibition may be due to the release of transmitters that
depress neural activity at several key sites, including afferent
receiving areas and preganglionic neurons. Peripheral
mechanisms can also turn off excitatory parasympathetic
pathways. Adrenergic sympathetic fibers synapse on para
sympathetic postganglionic neurons or interneurons in the
pelvic plexus. Heightened sympathetic activity stimulates
uradrenoceptors on parasympathetic ganglion cells that
block cholinergic ganglionic transmission." Purinergic
(ATP), enkephalinergic, tachykinin, GABAminergic, and
serotonergic mechanisms also inhibit cholinergic transmis
sion in bladder ganglia. These mechanisms allow the pelvic
ganglia to function as high-pass filters. Prejunctional M2
receptors reduce the release of acetylcholine. Conversely,
prejunctional nicotinic receptors facilitate its release."
Finally, local factors such as endothelin can depress gan
glionic transmission in pelvic ganglia."

Other storage reflexes. A profound degree of integra
tion and coordination exists in central autonomic pathways.
Therefore it is not unexpected that neural activity from a
variety of somatic and visceral tissues affects voiding and
storage reflexes. For example, distension of the rectum,
probing the cervix and stimulation of the perineum tran
siently inhibit voiding," These reflexes probably prevent
urination during defecation or sexual activity. They also
provide the neurophysiologic basis for cutaneous, anal or
vaginal stimulators used in the treatment of urinary
incontinence.

Although the physiologic basis for neuromodulation is
unclear, sacral nerve root stimulation (Interstim) may acti
vate pelvic afferents that reflexively inhibit micturition. The
mechanism must rely on supraspinal centers since Interstim 21
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is rarely effective for OAB in the setting of complete spinal
cord transection.

SUMMARY
Voiding and continence require switching from activation
of a micturition reflex, with inhibition of storage reflexes,
to inhibition of the micturition reflex, with activation of
storage reflexes. The association of many neurologic dis-
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Anatomy and Physiology of
Anorectal Function
Christine Norton

CHAPTER

3
INTRODUCTION
Fecal continence is achieved via the integrated neuro
muscular functioning of the bowel and its sphincters.

COLONIC MOTILITY
The colon is composed of an inner mucosa and an outer
serosa with two muscle layers in between: an inner layer of
circular smooth muscle and an outer layer of longitudinal
smooth muscle. Together, the activity of these muscles
achieves mixing and movement of colonic contents, medi
ated by the local enteric nervous system, with some influ
ence from the central nervous system. The presence of the
rich enteric nervous system within the gut wall means that
colonic motility is largely maintained after spinal transsec
tion. The colon has frequent forward and retrograde
churning activity, mostly via contractions of the circular
muscle layer, which ensures exposure of the contents to
the colonic mucosa for fluid reabsorption. About 1500 ml of
ileal contents is delivered to the cecum via the ileocecal
valve each day.About 150-200 ml of stool is passed daily, the
balance being mostly accounted for by water reabsorption.
The faster contents move through the colon, the less
opportunity there is for this absorption, intestinal hurry thus
leading to loose stool.

Periodically, high-amplitude propagated contractions
(HAPes) move stool along the colon in the direction of the
rectum, primarily by contraction of the longitudinal layer
of muscle. These pressure waves can be of great amplitude,
especially in people with irritable bowel syndrome, in whom
they can be up to 500 cmHzo.' These mass movements
occur regularly and are most pronounced after eating or
drinking-the "gastrocolic response," mediated hormonally.
In health the bowel is relatively inactive while asleep and
most active in the first few hours after waking, with addi
tional stimulation to motility coming from mobility and
eating. This is the reason why the most usual time for a
bowel action is after eating breakfast.

The right side of the colon acts to store stool and absorb
fluid. By the time stool reaches the left colon, it is relatively
solid and the major activity is propulsion and storage.
Average transit time through the colon is 36-72 hours and
this does not change with healthy aging/

RECTUM
The rectum is approximately 15 em long and has a reservoir
function. It is composed of the same two layers of smooth
muscle as the colon, as well as a mucosa and submucosa and
an outer serosa. There is no somatic nerve supply and the
rectum is thus not under voluntary control. It has both
sympathetic (via lumbar nerve roots) and parasympathetic
(via sacral nerve roots) autonomic innervation, as well as
enteric (intrinsic) nerves. The anterior and posterior walls
are somewhat shorter than the lateral walls, giving the classic
three-section appearance of the rectum (sometimes referred
to as the valves of Houston). The rectum is a compliant
organ, gradually relaxing and accommodating stool and
flatus.

The first sensation of rectal filling seems to be a mucosal
sensation responding to stretch. Sensation can be perceived
at volumes as low as 10 ml. Pressure receptors in the pelvic
floor detect rectal distension,' although the feeling described
is often a rather vague notion of "fullness." Rectal sensation
is an important determinant of continence.Y Pain receptors
in the serosa mediate the sensation of maximal filling,
although the rectum is relatively insensitive to pain.

A normal rectum has considerable ability to expand,
often accommodating stool volumes of up to 300 ml without
discomfort. Rectal filling is achieved with minimal or no
increase in intrarectal pressure.' Resting pressure in the
rectum is low, at approximately 5-20 crnl-I.O and this
increases little with rectal filling except at very large
volumes," Gradual rectal filling seems to produce less sen
sation of urgency than the sudden arrival of a bolus, espe
cially of loose stool, which will usually result in urgency.
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Inflammation can increase sensitivity and lessen compliance
of the rectum. Advancing age is associated with both a
blunted rectal sensation and reduced tone and increased
compliance," sometimes termed "rectal dyschezia."

The anterior rectal wall is adjacent to the posterior vagi
nal wall, with a thin rectovaginal fascial septum dividing
them. Some herniation of the rectum into the vagina
(rectocele) may be normal as it is found in up to 80% of
asymptomatic women/'?

ANAL SPHINCTERS
There are two anal sphincters responsible for maintaining
continence. They appear as two concentric sleeves sur
rounding the anal canal (Fig. 3.1).

Internal anal sphincter. The internal anal sphincter
(lAS) is a smooth muscle in continuity with the circular
muscular layer of the rectum, but about three times thicker.
It is approximately 2-3 mm thick and 3 em long, terminating
about 1 cm above the anal verge, with men having a longer
lAS than women. It normally becomes thicker with age. Like
the rectum, it has both sympathetic (via lumbar nerve roots)
and parasympathetic (via sacral nerve roots) autonomic
innervation. Its normal state is contracted and it is able to
generate a constant tension over long periods of time, thus
maintaining anal closure at rest. It contributes about
75-85% of resting anal pressure.P''" with the balance con
tributed by the external anal sphincter and the anal mucosa
and anal cushions. Normal anal resting pressure is 60
100 cmH 20, which is increased during physical activity, with
a decrease with advancing age." Phasic slow-wave pressure
variations are normal and more pronounced distally, which

Colonic circular
muscle

Colonic
longitudinal
muscle

Puborectalis

Extemal anal
sphincter,
striated muscle

Intemal anal
sphincter,
smooth muscle

Figure 3.1 Anal sphincters.

may protect against incontinence during sampling (see
below). As patients with a damaged lAS most often report
symptoms of passive soiling, it may be deduced that the lAS
is largely responsible for passive stool retention at rest in the
absence of an urge to defecate.

External anal sphincter. Between the internal and
external anal sphincters there is a layer of longitudinal
muscle continuous with that in the bowel wall. This muscle
does not seem to contribute to the continence mechanism
but probably has a role in "splinting" the anal canal during
defecation.

The external anal sphincter (EAS) is a striated muscle,
6-10 mm thick, in continuity with the muscles of the pelvic
floor and extending the length of the anal canal, terminating
immediately beneath the perianal skin. It is innervated by
branches of the pudendal nerve. Some authors have identi
fied three sections to the sphincter, although functionally
they act as a unit. High in the anal canal, the puborectalis can
be seen inserting into the EAS. Anteriorly, the sphincter
does not usually form a continuous ring caudally in women
and this U-shape appearance of the puborectalis merging
into the EAS may be misinterpreted as an anterior sphincter
defect by inexperienced endosonographers.!' The normal
appearance is for the anterior EAS to be present much
lower down the anal canal anteriorly than posteriorly in
women;14,15 this is less pronounced in men.

The EAS contracts reflexly in response to sudden rises in
intraabdominal pressure such as coughing or lifting heavy
weights. Voluntary squeeze increment over resting pressure
is usually 50-100% higher pressure but may reach pressures
as high as 300 cmH20 or more, with lower pressures in
women than in men and an age-dependent decrease.V:" The
EAS has a higher proportion of fast-twitch fibers than the
pelvic floor and is observed to fatigue rapidly. It is thought
that excessive fatigability of the EAS may be associated with
fecal incontinence.l?

With an empty rectum, EAS tone is low. The tone
increases with rectal filling and this compensates for the
falling lAS pressure with increasing stool volume in the
rectum. However, at rectal volumes greater than about
200 ml there is reflex relaxation of the EAS. When the urge
to defecate is felt, a voluntary contraction of the EAS is
needed to counteract this urge. Once thought to be a reflex,
this contraction is found to be voluntary." Patients with
damage to the EAS complain primarily of urge fecal incon
tinence as this ability to squeeze hard enough or long
enough to resist the urge to defecate is impaired.

PELVIC FLOOR MUSCLES
The muscles of the levator ani, the puborectalis in particular,
act as a sling to help create an angle between the rectum



ANAL CANALI
Figure 3.2 Representation of the pelvic floor
at rest and during defecation. Note that, at
rest, the puborectalis and the rest of the
pelvic diaphragm are in tonic contraction
to maintain an acute anorectal angle,
contributing to continence. During
defecation, relaxation of the puborectalis
results in straightening out of the angle to
ease rectal evacuation.

At rest Defecation

and the anus by pulling the lower rectum forward towards
the pubic bone'" (Fig. 3.Z). The normal angle at rest is
approximately 90°.20 The muscle fibers are a combination of
approximately 70% slow-twitch and 30% fast-twitch fibers,
as in the anterior pelvic floor. However, the fibers in the
perianal levator ani tend to be slightly smaller in diameter
than those more anteriorly." The levator ani muscles are
innervated by the pudendal nerve arising from SZ-4 and
maintain a constant resting tone via the slow-twitch fibers.

In health, the position of the pelvic floor maintains the
anorectal junction within 4 em below the level of the coccyx;
positions lower than this are considered as abnormal
perineal descent.f The anorectal angle can be made more
acute by voluntary or reflex contraction of the fast-twitch
fibers. It is possible that this reflex helps to maintain
continence during increases in abdominal pressure. There is
also a flap valve effect: when intraabdominal pressure is
raised, that rise in pressure acts to close the angle more
tightly with rectal mucosa occluding the upper anal canal
(Fig. 3.3). There is also a reflex contraction of the pelvic
floor as well as the anal sphincter itself."

STOOL
The content of stool is 70-80% water. The lower the water
content, the firmer the stool and the longer stool remains
in the gut, the more water will be reabsorbed; hence the
observation that constipated people produce lower stool
volumes than the nonconstipated. On an average western
diet, adults produce about ISO-ZOO ml of stool per day. The
balance of the solid matter is some indigestible residue from
food. However, colonic bacteria are very effective in utilizing
the majority of digestive waste. The flora of the colon have
been considered as separate "organ" in their own right, with
numerous symbiotic roles for their host. The average colon

Figure 3.3 Flap valve effect of raised intraabdominal pressure. The
arrangement at the anorectal junction results in the formation of a
flap valve. The anterior wall of the lower rectum impinges upon
the closed anal canal, and any increase in abdominal pressure
appears to seal the valve more securely.

contains 1-Z kg of bacteria, with as yet poor understanding
of the full range of their activity in maintaining health. The
majority of solid content of stool is dead (and some live)
bacteria.

Stool consistency varies a lot between individuals and
with diet: in women only 56% of stools are what is usually
considered the "normal" soft formed stool."

ANAL CANAL
The anal canal is 3-5 ern in length, with women having a
shorter canal than men. The proximal anal canal is lined 27
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with mucosa continuous with the rectal mucosa. At the
dentate line there is a "transition zone" to squamous epithe
lium of the perianal skin, and also a rich sensory innervation
with the ability to distinguish between gas, liquid or solid
matter. Anal glands at this level may become infected,
creating an abscess or even a perianal fistula. Anal sensation
is mediated via the pudendal nerve arising from S2-4. 16

This rich innervation means that some anal conditions
such as fissurecan be extremely painful. There are three anal
cushions at the 3, 7, and 11 o'clock positions in the anal
canal, contributing 10-20% to resting anal pressure and
augmenting the ability of the anus to maintain a mucosal
airtight and watertight seal.24

,25 If these cushions become
dilated, they are termed hemorrhoids. The mechanism for
the ability to selectively release gas while retaining liquid
and solid is not yet fully understood.

When the rectum contains stool or flatus, periodic rectal
contractions trigger the rectoanal inhibitory reflex, with
reflex relaxation of the upper lAS and a consequent fall in
anal pressure. This allows stool to enter the upper anal canal
where it is "sampled" by the sensory nerves of the anal
epithelium at the dentate line.20

,26 Sampling takes place
for about 10 seconds approximately every 8-10 minutes
throughout rectal filling? but seldom reaches conscious
appreciation unless a decision is needed as to the social
appropriateness of passing stool or flatus. Incontinent people
appear to sample less often than continent subjects." The
anal canal is also highly sensitive to temperature changes
and as the anal temperature is lower than rectal temperature,
this may also form part of the sampling mechanism."
Resting pressure in the lAS falls progressively as the
rectum fills.

NEUROLOGY OF DEFECATION
The neurologic control of the bowel is the result of an
intricate balance between the extrinsic nervous system, the
enteric nervous system, and the intestinal smooth muscle
cells.

The extrinsic nervous system. The extrinsic
nervous system of the bowel is the nervous system which is
external to the bowel itself. It consists of autonomic, sensory,
and motor nerves (Fig. 3.4).

The autonomic (smooth muscle, involuntary) nervous
system of the bowel comprises an integrated complex system
of parasympathetic (predominantly stimulating motility)
and sympathetic (predominantly inhibiting motility) fibers.
The parasympathetic vagal nerves originate from the
medulla within the brain and supply motor and sensory
input to the proximal (upper) colon. The parasympathetic
sacral nerves originate from the spinal level S2-4 and
contain both motor and sensory fibers to distal (lower) colon.

The sympathetic nerve supply arises from between the
10th thoracic and third lumbar segments. It is composed of
fibers that synapse with enteric ganglionic plexuses within
the colon wall.

Somatic (voluntary) nerves provide both sensory and
motor supply to the pelvic floor and external anal sphincter,
via the nervi erigentes (from S2 to S4), direct sacral root
branches (from Sl to S5) and the pudendal nerve.

The enteric nervous system. The enteric nervous
system is the internal nervous system of the gut itself. It has
an essential role in the control of motility, blood flow, water
and electrolyte transport, and acid secretion in the digestive
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Figure 3.4 Extrinsic nerve supply to gut. The
extrinsic nervous system of the bowel and
pelvic floor consists of the parasympathetic
vagal and sacral innervation (solid lines) and
the sympathetic outflow from the
intermediolateral column of the spinal cord
(dashed lines). The parasympathetic system is
composed of preganglionic fibers that
synapse the pre-programmed circuits in the
ganglionated enteric plexuses within the
colon wall. The sympathetic nerves synapse
in the prevertabral celiac (PG), superior and
inferior mesenteric (IMGl ganglia. Sensory
and motor innervation of the bowel and
pelvic floor occurs through the vagus, the
nervi erigentes, direct sacral root branches,
and the pudendal nerve. Mixed nerves supply
the somatic voluntary musculature of the
pelvic floor and the external anal sphincter
(dotted lines).



tract. This system is organized in ganglionated plexuses
within the bowel wall itself and is separated from the
autonomic nervous system. The enteric nervous system
has several components: sensory receptors (rnechano- and
chemoreceptors), interneurons (processing input and
controlling effector units, motor and secretory) and effector
motor neurons involved in motility of the gut. Enteric
nervous control of the bowel is modulated through con
nections from the autonomic nervous system to the brain.
The enteric nervous system has the unique capacity
to mediate reflex activity independently of input from the
central nervous system. This is why even people with
complete destruction of central neurologic input to the
bowel maintain some gut motility, as the intrinsic nervous
system keeps the bowel working to at least some extent
(unlike the bladder which can become totally atonic).

Delaying defecation. At a critical level of rectal filling,
sensation is relayed centrally to the cerebral cortex. This
volume is dependent upon stool consistency and rectal
capacity and compliance. If conditions are not right when
the urge to defecate is felt, it is possible to defer defecation.
A voluntary contraction of the EAS will counteract the drop
in anal pressure from lAS relaxation during the rectoanal
inhibitory reflex. This reflex lasts 5-20 seconds, with
increasing duration as rectal volume increases," and then
resting pressure in the anus is restored as the lAS recovers its
normal state of contraction. This EAS contraction is often
performed at a subconscious, yet still voluntary, level,
without the individual necessarily being aware of the action.
The anal contraction returns stool to the rectum, the urge to
defecate subsides, and this may initiate retrograde peristalsis
in the rectum, with stool pushed back up into the sigmoid
colon in some cases. This leads to the experience that if
defecation is delayed, sometimes if it is attempted later there
is no stool in the rectum to pass. In normal individuals,
repeatedly ignoring the call to stool can result in self
induced constipation." The longer stool remains in the
rectum, the greater the opportunity for water absorption and
the likelihood of hard stool.

DEFECATION
Once conditions are right, a sitting or squatting posture is
adopted and a brief push, raising intraabdominal pressure,
with coincidental pelvic floor relaxation is usually sufficient
to augment rectal wall contractions and propel stool into the
anus. The anorectal angle should become more obtuse as
the puborectalis relaxes, aligning the rectum and anus.
Squatting is a more physiologic position than sitting as it
achieves a better alignment of the anus and rectum. If the
pelvic floor fails to relax, this can lead to incomplete or
ineffective evacuation, sometimes termed rectoanal dyssyn-

FECAL AND ANAL INCONTINENCE I
ergia or "anismus."29 The EAS relaxes, reducing intraanal
pressure. Rectal contraction means rectal pressure is above
anal pressure. Evacuation is normally rapid and completely
empties the rectum within a few seconds via a relaxed anus.
Sensation from the anus seems to maintain rectal propulsive
contraction until evacuation is complete," Reflex defecation
is maintained even in complete spinal cord transsection
providing that spinal reflexes at the sacral level are intact.

After defecation is completed, there is a reflex after
contraction of the external anal sphincter which should
"snap shut" with a higher than resting pressure," This high
pressure serves to clear the anal canal of any residual stool,
which is either returned upwards to the rectum or expelled.
Thus the anal canal should not normally contain stool in the
resting state.

Normal frequency of defecation in western populations
varies between three times per day and three times per
week," with only a minority (approximately 40% of men
and 33% of women) having a single bowel action on a daily
basis." There are many influences on stool frequency
including diet, mobility, emotional state, lifestyle and even
personality, with extraverts producing larger and more
frequent stools than introverts." Young women in particular
are likely to have an irregular bowel habit. Very hard or soft
stool and low-volume pellet stool may be more difficult to
evacuate completely than soft formed stool.

Toilet training. Continence is a learned social and phys
iologic skill. The newborn infant does not have the neuro
muscular maturity to allow control, nor the social realization
that continence is a desirable achievement. The complex
coordination needed to delay defecation cannot be "taught"
but when the child has the physical maturity (about the age
of 2 years), most will acquire continence fairly readily via
a combination of imitation and positive reinforcement for
the desired behavior. Cognitive impairment or emotional
problems may delay or even preclude acquisition of con
tinence skills.

Once continent, the body "knows" how to do it but that
knowledge is often not accessible consciously, meaning that
many people struggle to describe what actions they take to
defer defecation." Once the skill has been acquired, control
usually operates at a subconscious but still voluntary level.
Overemphasis on the importance of clean pants or punish
ment for "accidents" can lead to deliberate retention of stool
and may be the basis for retentive encopresis in some
children, where the rectum becomes overloaded and then
soiling occurs as an "overflow?"

FECAL ANDANAL INCONTINENCE
Fecal incontinence (FI) has been defined in different ways.
The colorectal literature distinguishes loss of solid, liquid or
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gas," The Royal College of Physicians has proposed "the
involuntary or inappropriate passage of faeces."35 An inter
national panel of experts has defined "functional fecal
incontinence" as "recurrent uncontrolled passage of fecal
material for at least one month, in an individual with a
developmental age of at least four years...."36 Some authors
also include inability to control passage of flatus or an
arbitrary frequency with which symptoms must occur to be
included.

The term "anal incontinence" (AI) is usually used to
denote any involuntary leakage, whether of solid, liquid
or gas. The International Consultation on Incontinence
has proposed: "Anal incontinence is the involuntary loss of
flatus, liquid or solid stool that is a social or hygienic
problem," with FI defined identically except for the omis
sion of flatus incontinence." This definition recognizes the
fact that people react very differently to the same objective
situation. For example, involuntary loss of flatus which is
hardly noticed by one person is experienced as socially
incapacitating by another.

Prevalence of fecal incontinence. Fecal inconti
nence is much more common in the general population than
is often realized. Although the problem does increase with
advancing age and disability, there are also large numbers
of young, otherwise healthy adults with this distressing
symptom. Studies have found widely varying prevalence
rates of fecal incontinence, depending upon the definition of
incontinence used and the population studied. The largest
community study in the UK was a postal survey with over
15,000 respondents," in which 5.7% of women and 6.2% of
men over 40 years old living in their own homes reported
some degree of fecal incontinence, with prevalence
increasing with age. Overall, 1.4% of adults reported major
fecal incontinence (at least several times per month) and
0.7% had disabling fecal incontinence (major incontinence
with major impact on their life). Two-thirds of those with
disabling fecal incontinence said that they wanted help with
symptoms.

Different methods have yielded different results. In the
USA a telephone survey found that 2.2% of the population
reported some anal incontinence (0.8% were incontinent of
solid stool, 1.2% to liquid stool, and 1.3% to flatus). Two
thirds of those reported as anally incontinent were under
65 years old, and 63% were female. These results are in
response to the question "In the last year, have you or anyone
in your household experienced unwanted or unexpected or
embarrassing loss of control of bowels or gas?"39

This study excluded people who live in nursing homes
but separate data enabled a calculation that 1.1 % of the
total population are incontinent of solid stool and 2.6%

have some form of anal incontinence. Ten percent of those
reporting incontinence had more than one episode per
week, one-third had restricted their activities as a result of
their incontinence, and only 36% had consulted a doctor
about it.39

Overall, between 2% and 24% of the population have
been found to report AI and 0.4-18% FI, depending on the
methodology of prevalence studies."

At present, the majority of people with fecal incontinence
do not present for, or receive, professional help.41,42 There is
a dual problem of reluctance to face the embarrassment
of admitting to the problem and a lack of knowledgeable
health professionals with an interest in the subject, with few
specialist facilities to manage those who do present for help.

Johanson & Lafferty studied 881 people consulting a
general practitioner (GP) or gastroenterologist. Overall,
18.4% admitted to at least one episode of stool leakage. As
might be expected, the rate amongst those consulting a
gastroenterologist was double that in the GP attenders, with
2.7% reporting daily incontinence and 4.5% weekly. Except
in the under-30 year olds, more men than women were
incontinent in all age groups. Of those with incontinence,
only 20% of those attending the GP had mentioned their
incontinence and under half had told their gastro
enterologist, while 10% avoided leaving their home for fear
of an accident.f Drossman similarly found more men than
women over 45 years with some symptoms, 7.9% versus
7.7%, but the men were more likely to have minor soiling
while more women were grossly incontinent (0.9% women
versus 0.5% of men)."

In people over 65 living at home, 3.7% report fecal
incontinence at least once a week and 6.1 % need to wear
pads in case of bowel leakage.t" Kok et al found that 16.9%
of Dutch women over 85 years reported occasional invol
untary loss of feces but that only 4.2% of 60-85 year olds
have a problem." Twenty-one percent of elderly people
living in a home or hospital are fecally incontinent at least
weekly'" and for most people in institutional care, fecal
incontinence is compounded by urinary incontinence.
Among the frail elderly in nursing homes, prevalence of
over 20% is common but rates of over 90% are also
reported," suggesting that variation may be due to factors
other than the aging bowel (such as institutional regimes and
policies).

Although childbirth is commonly cited as the most
widespread causative factor for fecal incontinence, many
studies have shown an equal prevalence in men and women.
The reasons for this are at present unclear. There is also
a large overlap between symptoms of urinary and fecal
incontinence," and especially an association between
overactive bladder and overactive bowel."
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Physiology of the Vagina
Linda Brubaker

CHAPTER

4
INTRODUCTION
Clinicians who provide pelvic care for women benefit from a
thorough understanding of vaginal anatomy, function, and
physiology. Although this is an understudied area, a solid
basis in our current knowledge is helpful. This chapter will
review the normal anatomic and physiologic features of the
adult vagina. Clinically relevant topics related to vaginal
health are also discussed.

ANATOMIC FEATURES THAT RELATE TO
VAGINAL FUNCTION
The embryologic development of the vagina is controversial.
The two most popular theories of vaginal development
propose:

• formation entirely by the lower end of the fused
paramesonephric ducts

• dual origin, with the upper vagina forming from the
fused paramesonephric ducts while the lower portion
forms from the sinovaginal bulbs which in turn arise
from the epithelium of the urogenital sinus.

Abnormalities of development may occur, including com
plete absence of vaginal development or partial malfor
mations, including various forms of septate vaginae. Rarely,
portions of the mesonephric duct persist and may cause
symptoms or abnormal findings on physical examination.
The rypical appearance is a lateral vaginal cyst, often called
Gartner's duct cysts. Very rarely, these malformations are
associated with ectopic ureters that may enter the vagina at
this point, leading to unusual forms of urinary incontinence.

The hymen separates the vaginal canal from the vulva.
The adult vagina is not cylindric but has an H-shaped
configuration in cross-section and a sigmoid curve in sagittal
section. Reconstructive surgeons may occasionally overlook
these normal characteristics; however, much literature
supports the strong relationship between successful repairs
and re-creation of the normal anatomic features. Specifi-

cally, repairs that shorten or straighten the vagina, distort
the normal vaginal axis or significantly narrow the vaginal
caliber are associated with undesirable anatomic and
functional consequences.

The normal length of the vagina is approximately 10-12
centimeters with the posterior wall typically being some
what longer than the anterior wall. The upper vagina nor
mally has a greater diameter than the lower third. Given its
close proximity to the lower urinary and bowel systems,
disorders of these neighboring systems can affect vaginal
anatomy and/or function. Likewise vaginal disorders or
treatments can affect the neighboring systems. The levator
support of the vagina appears to be an important factor
in determining shape, topography, and some aspects of
funcrion.V

The blood supply is rich and variable and has many
collaterals and a vigorous anastomotic vascular network,
sometimes called the "azygous artery." This rich vasculature
is clinically important during both medical and surgical treat
ments. Many medications are rapidly and easily absorbed
transvaginally (including estrogens and progesterones).

A branch of the uterine artery and the superior vesical
branch of the internal iliac artery typically supply the upper
vagina. Branches from the inferior vesical and middle rectal
(of the internal iliac) supply the middle vagina, while the
distal vaginal blood supply originates from the pudendal
and inferior rectal branches of the internal pudendal. The
venous drainage flows into the internal iliac veins.

Vaginal innervation originates from the perineal branches
of the internal pudendal nerve and the pelvic autonomic
plexus, supplying the thin outer layer of vaginal smooth
muscle. Although much work has been done to delineate
vaginal innervation, there is still a limited understanding of
neural injury and repair in the vagina. Distension of the
vagina in experimental conditions results in altered visceral
function.' The human pudendal nerve has been monitored
in experimental situations and is known to undergo adverse
changes during vaginal delivery" The long-term conse
quences of these changes remain under study. However, it is
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clinically apparent that the neural pathways of the vagina
may allow central sensitization, similar to establishment of
chronic pain elsewhere in the bodyY

The lining of the vagina is stratified, nonkeratinizing
squamous epithelium without glands. This allows the vagina
to expand without rupture (for example, during childbirth)
and return to a near-normal configuration. Lubrication of
the vagina is actually a transudate from the vascular vaginal
plexus, rather than secretions from vaginal glands, as there
are no glands in the vaginal skin.

NORMAL FUNCTION OF THE VAGINA
The vagina plays important anatomic and functional roles
throughout the reproductive and postreproductive years.
Physiologically, there are many highly interconnected
neural and endocrine systems that contribute to proper
vaginal function. Following puberty, the vagina lengthens,
widens, and thickens. Coitus prior to puberty is associated
with high rates of anatomic and psychologic injury.

Reproductive years. During the reproductive years, the
principal estrogen is estradiol, which is made almost entirely
by the ovary. The vagina is moist, rugous, and pliable and has
abundant hormone receptors. A normal thin secretion is
observed as a normal vaginal discharge with a normal musty
scent. Physicians play an important role in educating women
regarding their normal anatomy and physiology. Familial
and cultural habits of regular douching should be discussed
with the goal of discouraging these practices, as they confer
no benefit and may disrupt the normal vaginal flora.

Menopause transition. As menopause approaches, the
ovaries become less responsive to pituitary gonadotropins.
Ovulation becomes irregular and infrequent, finally stop
ping entirely. Typically this transition begins in the late
40s for American women. The serum pituitary gonadotropin
levels are high, although the levels of gonadotropin
releasing hormone (GnRH) remain unchanged.

The onset of clinical symptoms (and bother from those
symptoms) is highly variable. Common symptoms include
the hot flush that affects up to 85% of postmenopausal
women. This symptom typically decreases after 2 years,
although in a minority of women it may continue for many
years. Physiologically there is a pulsatile release of LH with
the onset of each hot flush, apparently accompanying a cen
tral hypothalamic mechanism that triggers the clinical event.

Other clinical symptoms include alterations in sleep,
mood, and memory. A full discussion of the care of these
symptoms is beyond the scope of this text.

Postmenopausal years. Following menopause, there
is a marked decline in ovarian follicle stimulation. Circu-

lating estradiol levels fall significantly. The principal
circulating estrogen is estrone, more of which is derived
from extraovarian sources or produced in extraglandular
tissues, such as adipose tissues. The clinical impact of this
is that slender women convert less androstenedione to
estrone in peripheral tissues and therefore have less circu
lating estrone than obese women. Testosterone production
is slightly lower than during the premenopausal years.
However, because of the marked decrease in estrogen
production, there is a relative androgen excess in post
menopausal women.

The vagina changes significantly in this altered hormonal
milieu. The vaginal epithelium is much thinner, the normal
rugae are decreased and may become absent, and lubrication
decreases. Clinicians often prescribe adjunctive estrogen
for postmenopausal women," Sexual dysfunction may occur
secondary to hormonal deficiencies.

THE ROLE OF THE VAGINA IN SEXUAL
FUNCTION
As with most voluntary human functions, the brain plays a
central role in female sexual function. As physicians, our role
in assessing and treating sexual dysfunction requires an
awareness of the many illnesses, drugs, and surgical treat
ments that affect normal function. Although patients may
present to a pelvic clinician with a perception that sexual
problems are centered in the vagina, it is the clinician's
responsibility to screen more broadly for causes.

Most heterosexual physicians assume their patient is
heterosexual as well. This assumption may limit the ability
to obtain an optimal history. Many lesbian women have had
relationships with men (including marriage) and nearly
half of lesbian women may bear or raise a child. Therefore,
these are not reliable proxy measures for determining sexual
orientation. Q!Jestionnaires (even demographic question
naires) should be carefully assessed to determine whether
an inadvertent heterosexual bias may limit the quality and
quantity of information that women provide regarding
sexual function. For example, for a lesbian woman, repeated
questions about how often intercourse occurs are inappro
priate. Not all patients wish to share their sexual orientation
with their healthcare team but it is useful to have some
knowledge about the sexual health of all patients presenting
for pelvic care. Survey data suggest that approximately 4%
of US women are lesbians,"

In the US, women are more likely to be assaulted, injured,
raped or killed by a male partner than by any other type
of assailant," Domestic violence is often underreported and
frequently not recognized by healthcare teams. Therefore
it is important that every pelvic physician is alert to signs
and symptoms of domestic violence and includes screening
questions during routine history taking. Questions may



include whether the patient has ever been physically hurt
by someone close to her. If your index of suspicion is high,
this topic should be initiated again even if the patient defers
the question or denies violence. Clinical presentations that
should heighten screening efforts include women with
frequent physician visits for nonspecific pelvic complaints
such as pelvic pain or vaginal irritation. Suspicion should be
heightened when a male partner insists on staying unusually
close to the woman, answering questions for her or being
verbally abusive to healthcare staff.

Nonnal sexual function. Sexual practices vary widely.
The preponderance of sexual activity in heterosexual
women includes vaginal intercourse and, less commonly,
oral sex. The preponderance of lesbian sexual activity
consists of direct manual, digital, and mostly oral stimu
lation of the clitoris.

The classic description of the female sexual response
cycle includes excitement, plateau, orgasm, and resolution.
These changes are determined by physiologic events, pre
dominantly vasocongestion and increased muscle tension.
Interested readers are referred to classic texts for more
details regarding the entire sexual cycle." Desire is also a
clinically relevant portion of this cycle. Loss of desire (low
libido) may obviate the sexual response cycle.

During the excitement phase, the vagina responds to
effective sexual stimulation with a clear secretion that effec
tively lubricates the vagina. This transudate has an impor
tant reproductive function as it buffers the normal acidic
pH of the vagina to improve sperm survival. Certain
contraceptive agents may alter this action. I I Anatomically,
the vagina lengthens (up to 3 cm) and increases in diameter
up to 4 em. The normal pink-red color of the vagina darkens
secondary to the vasocongestion.

Once the plateau is reached, vaginal secretions slow and
the anatomic changes of the vagina are more pronounced.
The distal vagina is relatively small compared to the upper
vagina. It is believed that this enhances sperm collection in
the upper vagina.

During the orgasmic phase, the vagina remains essentially
unchanged, although a woman may perceive vaginal and/or
uterine contractions. It is believed that these contractions
actually originate from the pelvic and perineal muscles
underlying the labia minora.

The resolution phase is a physiologic return to baseline.
The vasocongestion reverses, the vagina returns to its
preexcitement size and the secretions return to their low
normal levels.

Sexual function after childbirth. It is well known
that the physiologic and emotional demands of childbirth
and the early parenting experience affect sexual functioning
for many women. Although more than half resume sexual

ASSESSMENT OF SEXUAL FUNCTION I
activity by 6 weeks postpartum, nearly half of new mothers
desire intercourse less or much less. Klein et al surveyed 484
women using a postal questionnaire.F Nearly 70% reported
less frequency, and up to one-quarter of women have not
resumed sexual activities by 6 months postpartum. Perineal
injury at the time of delivery is associated with postpartum
dyspareunia.

Changes in menopause. Although most clinicians
assume that sexual function decreases in the menopausal
years, some postmenopausal women report improved sexual
function. There is no longer a fear of undesired pregnancy
and typically the family and work demands of younger years
have abated somewhat. Although rates of sexual activity
decline with age, nearly half of married women aged 66-71
and one-third of women over 78 years of age continue sexual
activity.I3-15

In coitally active women, there are changes to the normal
sexual response. All the normal events occur but may
happen more slowly. Excitation, elevation of the clitoral
hood, and vaginal lubrication may take longer. Also, skin
flush, muscle tension, vaginal lengthening, and vascular
congestion may be decreased in menopause. Orgasmic
function occurs but may have a decreased duration and
more rapid resolution.

ASSESSMENT OF SEXUAL FUNCTION
When pelvic physicians do not assess sexual function, it is
most commonly because the provider is uncomfortable.
Physicians can enhance their skills in this area by improving
their knowledge base, setting aside personal judgments and
preferences, and being less worried about offending patients.
The sensitive and mindful physician may initiate a discus
sion but find it appropriate to revisit the topic at subsequent
visits. Sexual function should be routinely assessed prior to
pelvic intervention such as surgery," Several validated
questionnaires are helpful in gathering this information. 17-19

Sexual dysfunction. Sexual dysfunction is common,
affecting 20-50% of women. Clinicians may not feel
proficient at evaluating sexual dysfunction. Loss of libido
appears to be the most common form of sexual dysfunction,
followed by anorgasmia (25%), lack of lubrication (20%),
and lack of pleasure.20,21 These disorders can be cataloged
clinically as shown in Box 4.1. Anorgasmia is reported by
approximately 12% of heterosexual women and 3% of
lesbian women.f

A common presenting symptom is dyspareunia. Painful
intercourse may be due to problems within the vagina itself
or external to the vaginal lumen. Painful intercourse may
also occur when there is a lack of vulvovaginal lubrication
or the presence of infectious or inflammatory vulvovaginal
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BOX 4.1 Sexual dvsfunctlon'"

Sexual desire disorders
Hypoactive sexual desire disorder
Sexual aversion disorder

Sexual arousal disorder

Orgasmic disorder

Sexual pain disorders
Dyspareunia
Vaginismus
Noncoital sexual pain disorder

conditions. New-onset postoperative dyspareunia may be
related to alterations in vaginal caliber or length, foreign
body problems or scar formation. Sexual function may
be altered following prolapse or incontinence surgery."
Certain procedures are associated with higher rates of
dyspareunia, including episiotomy/4,25 posterior vaginal
prolapse repairs/6

,27 radiation,28,29 perineorrhaphies and
levator plications for any purpose." Women who undergo
sacrocolpopexy tend to have a longer vagina than women
who are treated with transvaginal suspensions,"

Problems external to the vaginal lumen may also cause
painful intercourse. A variety of pelvic conditions, including
pelvic masses, bowel or bladder disorders and painful pelvic
muscles, may be detected."

Following childbirth, many women experience at least a
transient decrease in sexual functioning." This may be due
to a combination of psychosocial, anatomic, and functional
causes. Fortunately, this resolves without residual problems
for most women.

Medical illnesses or their treatments may contribute to
sexual dysfunction. Drugs that decrease estrogen availability
are commonly associated with decreased sexual function

as well as causing visible changes to the vagina." Many
psychotropic and hypertension agents affect sexual function.
Close collaboration with the prescribing physician may
promote appropriate medication substitutions.

Women with incontinence may have other specific
impacts on their sexual function. Although rare, inconti
nence during sexual activities is a very disturbing symptom
for affected women. Hilton reported that loss ofurine during
penetration or orgasm was relatively common but rarely
volunteered to clinicians providing incontinence care." Two
community surveys report that this symptom is experienced
by approximately 13% of women.36

,37 Women with prolapse
and/or incontinence generally have less frequent sexual
activity," While sexual satisfaction in women with pelvic
floor disorders is similar to unaffected groups, women with
detrusor overactiviry suffer more adverse sexual impact than
women with stress incontinence.

Effects of pelvic floor disorder treatments on
sexual function. Stress incontinence surgery variably
affects sexual function. Haase et al reported that the major
ity (67%) of women reported unchanged sexual function
following surgery, whereas 24% found improvement and
9% experienced deterioration." Berglund et al prospec
tively evaluated women undergoing stress incontinence as
well as their partners. Male partners reported an increase in
desire following surgery, whereas only a third of women
experienced increased desire."

Three hundred and sixty women who participated in
a multicenter study of stress incontinence surgery were
assessed for sexual functioning at baseline and post
operatively at 3, 6, and 12 months. The majority reported no
change in sexual function, whereas nearly one-quarter
(22 %) experienced deterioration and 13% reported
improvement," The effect of continence surgery on coital
urine loss is summarized in Table 4.1.

I
i=: The .... of Incontinence Mlrgery on coitalurine loss end ..xuel

. Author N Improvement No change Deterioration

38

Berglund et al41 45 1/3 increased desire Frequency Increased
unchanged

Black et al39 239 13% 65% 22%

Weber et al23 81 Frequency 8-19% dyspareunia
unchanged 22-26% coital UI

Lemack et al42 22 No change

Barber et al17 21 Less worried about
coital UI



Women with pelvic organ prolapse may withdraw from
sexual activities due to fears of themselves or their partner.
However, the majority continues in satisfactory sexual
patterns." Surgical treatment of prolapse, however, is asso
ciated with risks of sexual dysfunction, with some reports
suggesting that up to 50% of women cease coital activity
following prolapse repair. Certainly the routine use of
posterior colporrhaphy has been called into question given
the risks of vaginal narrowing, dyspareunia, and aparenuia.
Although these risks are generally assumed to be higher
with procedures that remove the vagina, narrow the caliber
or alter the axis, these risks have also been reported in
abdominal sacrocolpopexy series. These findings strongly
reinforce the need to carefully assess sexual function before
and after any pelvic intervention, especially prolapse
repairs,

Sexual function questionnaires. A variety of ques
tionnaires are available for assessment of sexual function.
Researchers should understand the status of such instru-

CONCLUSION I
ments prior to selecting one for their studies. There are
instruments specifically designed for postpartum women,
couples assessment, women with pelvic floor and many
other options. Table 4.2 summarizes these instruments.

CONCLUSION
The clinician's knowledge of vaginal physiology and sexual
function is important for optimal care of women with pelvic
floor disorders. Researchers should carefully assess their
research goals, avoid proxy measures, and rely on validated
instruments whenever possible. It is anticipated that our
knowledge and treatment options will be further enhanced
and refined over the next decade. Interested researchers are
urged to master today's literature in preparation for
interpreting and planning future studies.
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Firouz Daneshgari and Courtenay Moore

PATHOPHYSIOLOGIC THEORIES
Over the last century a number of investigators have pro
posed theories on the pathophysiology of SUI in women.

Pathophysiology of Stress Urinary
Incontinence in Women 5

CHAPTER

PHYSIOLOGY OF URINARY CONTINENCE
The physiologic factors involved in urinary continence can
be divided into central and peripheral control mechanisms.
The central control mechanisms include input from the
cerebral cortex, midbrain, thoracic, and sacral spinal cord
through the autonomic and somatic innervations to the
lower urinary tract organs. The peripheral control mecha
nisms involve organs (bladder, urethra), muscles, and bony
supporting structures.

Urinary control or urinary continence is the result of a
complex and fascinating coordination between the elements
of the central and peripheral continence mechanisms. In
women, urinary continence during stress (elevations in
intraabdominal pressure) is maintained by several mecha
nisms. First, there is passive transmission of abdominal pres
sure to the proximal urethra. A guarding reflex involving
an active contraction of striated muscle of the external
urethral sphincter can transiently help continence.Y'
However, the abdominal pressure transmitted to the
proximal urethra does not account entirely for the increase
in urethral pressure.' Abdominal pressure is also transmitted
through the proximal urethra pressing the anterior wall
against the posterior wall. The posterior wall remains rigid
if there is adequate pelvic support from muscle and con
nective tissues. During voiding, the pubourethral ligaments
and vaginal connections to pelvic muscles and fascia actively
change the position of the bladder neck and proximal
urethra. These attachments contain both fascia and smooth
muscle," This change in position compresses the urethra
against the pubis during bladder filling and straining. Thus,
urinary continence results from the combination of passive
anatomic coaptation and active muscle tone.

Why do we need to understand the patho
physiology of stress urinary incontinence? The
high rate of complications and rate of recurrent SUI after
surgery suggests that the existing treatment modalities for
SUI are not completely successful.

It is estimated that at least one-third of the procedures
performed for treatment of SUI are done on patients with
recurrent SUI.4 This estimate is supported by the fact that,
over the past few decades, dozens of new antiincontinence
procedures have been introduced to improve upon the
deficiencies of the previous procedures, a goal that remains
elusive.

The relatively high rate of recurrent SUI and the search
for more effective anti-SUI treatments attest to the fact that
enhanced understanding of the pathophysiology of SUI
is central to providing women with better cure rates and
ultimately a better quality of life.

If one agrees that the existing treatment modalities
for any condition (in this case SUI) are based upon our
understanding of the pathophysiology of that disease, the
treatment failures could be related, at least in part, to
our shortcomings in understanding that pathophysiology.
These shortcomings have led, in part, to a lack of successful
treatments for SUI. In order to fully understand the
pathophysiology of SUI, one must first understand the
physiology of continence.

INTRODUCTION
Stress urinary incontinence (SUI) as defined by the
International Continence Society (ICS) is the involuntary
leakage of urine on effort or exertion, or on sneezing or
coughing.' It is estimated that SUI affects between 4% and
35% of American women with over 165,000 antiincon
tinenee procedures performed annually in the US.2•

3 Despite
recognition of several risk factors-aging, obesity, race,
childbirth-related to SUI, the true pathophysiology of SUI
remains poorly understood.
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These theories were based on the understanding of the
physiology of continence at that time, relying on the obser
vations and investigative works of the researcher. Over the
last 100 years, four theories have dominated the literature
and thereby the treatment recommendations for SUI. Here,
we review the basis for these theories.

Alterations in the urethrovesical axis. The early
theories regarding SUI focused on a lack of physical
compression and an alteration in urethral position. In 1913,
Howard Kelly, a gynecologist from Johns Hopkins, published
a surgical technique to treat "a peculiar form of inconti
nence of urine in women which either follows childbirth or
comes on about middle age, and is not associated with any
visible lesion of the urinary tract." Kelly found many of these
women to have "a gaping internal sphincter orifice which
closes sluggishly." In order to correct this defect, Kelly
"sutured together the torn or relaxed tissues at the neck of
the bladder.'"

Unlike Kelly, who believed stress incontinence to be
caused by an open vesical neck, Bonney believed SUI to

result from the loss of normal urethral support and posi
tioning. In 1923, Bonney wrote "Incontinence depends in
some way upon a sudden and abnormal displacement of the
urethra and the urethrovesical junction immediately behind
the pubic symphysis."? However, it was not until 1961 that
the theory of urethral position was popularized by a Swedish
gynecologist, GE Enhorning. Enhorning studied the pres
sures of the urethra and the bladder in continent and
incontinent women. Based on these observations he con
cluded that for urethral competence, the urethra must be
located above the pelvic floor so that pressure transmitted to
the bladder is equally transmitted to the urethra, causing a
compensatory increase in closure pressure" (Fig. 5.1). The
theory of SUI due to an alteration in urethral angles
prevailed until the late 1970s.

Intrinsic sphincteric deficiency. In 1976, Edward
McGuire introduced the alternative concept that SUI was
due to something more than an alteration of urethral
positioning. "The change in the angle does not explain all
the causes of SUI in wornen."" In landmark articles,
McGuire introduced the importance of intrinsic sphincter
deficiency (ISO) in the pathophysiology of SUI. The first
line of evidence for the importance of ISO came from a
study on the effects of sacral denervation on urethral and
bladder function. In this study sacral nerve rhizotomy
leading to denervation of the pudendal nerve, and therefore
the external sphincter, was performed on three female
paraplegics. Complete sacral denervation resulted in the loss
of anal sphincter and urethral skeletal muscular activity, but
not the resting urethral smooth muscle tone. Sacral
rhizotomy had no effect on the resting urethral pressure or

III

Pelvic floor

Figure 5.1 Urethral position theory. Increases in intraabdominal
pressure (P) are transmitted to the bladder neck and proximal
urethra. I. Normal female. Increases in P are transmitted equally to
the bladder neck/proximal urethra (B). II. Urethral hypermobility.
During increases in P, the bladder neck/proximal urethra (B)
descends abnormally to a position outside the abdominal cavity.
The pressure within the bladder (A) exceeds the pressure within
the bladder neck/proximal urethra (B) and stress urinary
incontinence ensues. III. Intrinsic sphincteric deficiency. Here the
bladder neck/proximal urethra (B) is adequately supported
(there is no descent), but the bladder neck/proximal urethra is
nonfunctional, again resulting in stress urinary incontinence.
(Reproduced with permission from Gillenwater JY.Adult and
pediatric urology. 1996;2, Figure 26A-46 page 1209)

urethral smooth muscle function. I I Therefore, none of these
patients developed SUI. These findings confirmed the
importance of urethral smooth muscle in maintaining
continence.

In 1980, McGuire observed that during video urody
namics, patients who had failed multiple retropubic
operations had a deficient sphincteric mechanism charac
terized by an open bladder neck and proximal urethra at rest,
with minimal or no urethral descent during stress (Fig. 5.2).

These observations led to another landmark article
investigating the concept ofISO as the cause ofincontinence
in 125 women. Maximum urethral pressures (MUP) and the
abdominal pressure required to cause stress incontinence or

Figure 5.2 Intrinsic sphincter deficiency. The urethra is unable to
generate enough outlet resistance to retain urine in bladder.



Valsalva leak point pressure (VLLP) were recorded during
urodynamics. In these women, there was an inverse corre
lation between the VLLP required to cause SUI and the
severity of incontinence as assessed by the number of pads
used. From this, McGuire et al concluded that VLLP was a
more sensitive measurement of the severity of incontinence
than MUP. Based on VLPP values obtained in this study of
women with mild to severe SUI, a new classification system
emerged: SUI in patients with a VLPP <60 cml-l.O was
considered to be the result ofISD, while SUI in patients with
a VLLP of >90 cmHzO was considered to be related to an
anatomic cause other than ISO. SUI in patients with VLLP
between 60 and 90 cml-l.O was considered to be due to a
combination of anatomic defects and ISO.

Hammock theory. In 1994, the hammock theory was
introduced by DrJohn DeLancey, a pioneering gynecologist
in studies of pelvic floor structures. From his cadaveric
studies, DeLancey described the urethra as lying on a
supportive layer composed of the endopelvic fascia and
anterior vaginal wall (Fig. 5.3). This supportive layer gains
stability through its lateral attachments with the arcus
tendineus fascia and the levator ani muscle. Given these
cadaveric studies, DeLancey theorized that intraabdominal
pressure is transmitted to the bladder neck and proximal
urethra, closing the outlet as it is compressed against the
rigid support of the pubocervical fascia and anterior vaginal
wall (Fig. 5.4).

Integral theory. In 1990 Almsten and Petros introduced
the "integral" theory of SUI and urge incontinence.
According to this theory, laxity of the anterior vaginal wall
leads to activation of stretch receptors in the bladder neck
and proximal urethra, triggering an inappropriate micturi
tion reflex, resulting in detrusor overactiviry" The laxity of
the vaginal wall also leads to SUI because of a dissipation
of urethral closure pressures. Under normal circumstances
the anterior pubococcygeus muscle lifts the anterior vaginal
wall to compress the urethra, closing the bladder neck by the
traction of the underlying vaginal wall in a backward and

FOR AND AGAINST THE THEORIES I

Figure5.3 Hammock theory. The urethra lies on a supportive layer
composed of the endopelvic fascia and the anterior vaginal wall.
(Reproduced with permission from Am J Obstet Gynecol 1995,
173(1):346)

downward fashion while the pelvic floor musculature draws
the hammock cephalad, closing the bladder neck. Laxity of
the pubourethral ligament and anterior vaginal wall causes
hypermobility of the bladder neck and dissipation of
pressure, resulting in SUI.

FOR AND AGAINST THE THEORIES
Each theory has its proponents as well as opponents. Many
researchers have questioned the validity of each theory
based on additional studies.

Urethral position theory. As described above,
McGuire's presentation ofISD was one of the first important
observations that allowed the scientific community to look
beyond the urethrovesical angle as the sole pathophysiologic
factor in SUI. In 1986, Fantl also questioned the validity
of the urethral position theory. In a study of 84 stress
incontinent women, Fantl found that the urethral axis at rest,
during bearing down, and in its total excursion was not
significantly different between continent and incontinent
wornen.V This study proved that the urethral axis alone was
not predictive of urethral function. He concluded that
"Specific correlation between the urethral axis and its
sphincteric function is lacking.":"

Figure5.4 Hammock theory. (A)The anterior
vaginal wall and pelvic fascia act as a
hammock, compressing the urethra during
increases in intraabdominal pressure (P).
(B)The loss of the hammock (dotted lines)
during increases in P leads to the loss of
urine into the posterior urethra, resulting in
stress urinary incontinence. (e) Loss of the
hammock, [leading to the presence of a
cystourethrocele] may not result in stress
incontinence provided the hammock
counteracts the effects of P by increasing
urethral resistance. (Reproduced with
permission from Gillenwater JY.Adult and
pediatric urology. 1996;2)
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Open bladder neck. Several studies have questioned
the importance of an open bladder neck in maintaining
continence. Versi et al found that 51% of continent
climacteric women had bladder neck incompetence on
urodynarnics.!' Similarly, Chapple used ultrasound to note
that 21% of continent nulliparous women had an open
bladder neck.'" These studies suggest that the distal urethal
sphincter, not the bladder neck or internal sphincter, is
responsible for continence. Furthermore, from clinical
observations, it appeared that the ISO was almost always the
result of neurologic injury, radiation exposure or multiple
prior surgeries, with multiple failed SUI operations being
the most common cause ofISD,1O perhaps implying that ISO
is the cause of recurrent, but not primary, SUI.

Integral and hammock theories. Proving or dis
proving the role of the integrity of anatomic support
structures in patients with SUI is very difficult. As the
evidence for both the integral and hammock theories is
derived from cadaveric studies, imaging studies such as
dynamic magnetic resonance imaging (MRI) may be the
most accurate way to test the validity of these theories in
women with SUI.

Currently, no clinical or laboratory studies have demon
strated the significance of the pubourethral ligaments or
other supportive elements described in the integral or
hammock theories in maintaining continence. Biopsies of
the pubourethral ligaments or other tissues involved in the
supportive structure have shown no differences in mor
phology, histochemistry or fine structure between continent
and incontinent women."

TREATMENT MODALITIES
Based on the above theories of the pathophysiology of SUI,
various treatment options for SUI have evolved over the last
century (Table 5.1).

Retropubic suspensions for correction of
urethral position. Although there are several retropubic
antiincontinence procedures, most are modifications of the

!r;bl.-5:;- .....atm.nt for SUI
Theory 'Dutment modIIllty

Urethrovesical axis Retropubic suspensions/Kelly plication

ISO Bulking agent
-_._-

Integral theory TVT/midurethral slings
----- -------

Hammock theory Needle suspensions/sling

Marshall-Marchetti-Krantz (MMK) vesicourethral suspen
sion and its later revision, the Burch colpocystourethropexy.
These two operations were the most common antiincon
tinence procedures performed before 1970.16 Retropubic
suspension procedures were based on Enhorning's theory
that an alteration in urethral positioning was responsible for
SUI. This theory implies that the urethral height within the
pelvis determines continence. Based on this assumption, in
order to correct SUI the urethra must be restored to an
intraabdominal position. In the MMK, the urethral and
periurethral vaginal walls are fixed to the periosteum of the
posterior pubis. In the Burch procedure, the urethrovaginal
tissue is fixed laterally to Cooper's ligaments rather than
anteriorly to the pubic symphysis.

Bulking agents for ISO. Use of bulking agents in
treatment of SUI is a prime example of how our under
standing of the pathophysiology of SUI has led to the
creation and application of a treatment modality. Following
the introduction of the concept of ISO, a number of bulking
agents have been used to correct it.22 Bulking and injectable
agents attempt to restore urethral closure by injecting mate
rial periurethrally to provide additional submucosal bulk.
This leads to increased mucosal coaptation and therefore
increased urethral closure pressure and resistance to passive
urine outflow. Despite the attractiveness of the concept,
bulking agents have found limited application in treatment
of women who otherwise are not candidates for surgical
management of their SUI.

Needle suspensionsand pubovaginal slings for
hammock theory. In order to minimize the invasiveness
of abdominal retropubic suspensions, bladder neck needle
suspensions were introduced. First developed by Pereyra
in 1959, needle suspensions were designed for the correction
of SUI associated with a poorly supported, hypermobile
urethra by restoring the urethra to a well-supported
position," This procedure created a hammock of support at
the bladder neck. Over the ensuing years, several modifi
cations were made to the original Pereyra procedure to
reduce complication rates.23,24 However, needle suspensions
fell out of favor with the publication of the 1997 American
Urological Association Female Stress Urinary Incontinence
Clinical Guideline Panel. After reviewing the long-term
cure/dry rates (>48 months), the panel concluded that the
best surgical procedures for the "cure" of female SUI were
the pubovaginal sling and retropubic suspension.!"

Pubovaginal slings were most commonly used for the
treatment of ISO, type III SUI or after a failed previous
antiincontinence procedure. In the traditional method of
this procedure, a strip of autograft fascia was placed at the
bladder neck and fixed across the rectus muscle. In order to



make the sling a less invasive procedure, a number of
variations were introduced, including use of the vaginal wall
instead of autograft tissue, and bone anchor fixation to the
symphysis pubis or behind the symphysis rami.

Midurethral slings for integral theory. The
integral theory proposed by Ulmsten and Petros led the way
for application of a new generation of antiincontinence
procedure: the tension-free vaginal tape (TVT) and other
midurethral slings. In this procedure, a piece of sanitized
mesh was applied to the midurethral area to compensate
for the incompetent pubourethral ligament. Using ultra
sound, Petros demonstrated that midurethral suspensions
prohibit the hypermobile bladder neck from opening the
midurethra." Due to the ease of performance and high suc
cess rates, these procedures are among those most commonly
performed by gynecologists and urologists worldwide.
Furthermore, in order to make the midurethral sling
procedures less invasiveand more cost effective, a number of
variations and products have been introduced to this
category of antiincontinence procedures.

ROLE OF NOTHER FACTORS" IN
PATHOPHYSIOLOGY OF STRESS URINARY
INCONTINENCE
Hopefully it is becoming clear that just as the physiology of
the continence mechanism is a complex and multistep
process, so is the pathophysiology of SUI. The spectrum
of SUI, and its clinical presentations, cannot be explained
by the presence of a single risk factor or a single theory.
Instead, SUI should be viewed as the result of multiple
insults to the female continence mechanism. Several factors
place women at an increased risk for damage to the con
tinence mechanism. These risk factors can be divided
into categories that predispose, promote, decompensate or
incite SUI.I8

Predisposing risk factors include gender, genetics, race,
and collagen and smooth muscle composition. The Norwegian
Epidemiology of Incontinence Group (EPINCONT)
demonstrated a familial risk of SUI.I9 Women with inconti
nent mothers or older sisters were at an increased risk of
SUI. The same study also found an increase in the preva
lence of SUI with aging. The exact changes that occur with
aging are unknown. Changes in muscle tone, hormonal
status, and innervation due to parturition may be partially
responsible for the increased prevalence of SUI in older
women." Race has also been implicated in SUI, with white
women at an increased risk for SUI compared to black
women." Risk factors that promote incontinence consist
of lifestyle habits, nutrition, obesity, smoking, menopause,
constipation, and medications. Decompensating factors

THE TRAMPOLINE THEORY I
include aging, physical and mental well-being, environment,
and medications. Cognitive abnormalities, such as Alzheimer's
disease, and physical immobility, such as Parkinson's disease,
while not directly causing incontinence, are important
comorbid factors that exacerbate the condition.

Childbirth, pelvic or vaginal surgery, pelvic nerve or
muscle damage, and radiation are all inciting factors for SUI.

THETRAMPOLINE THEORY
Since the physiology of continence III women is multi
factorial, so is the pathophysiology of SUI. SUI may result
from a combination of complex anatomic and physiologic
insults to the central and peripheral control mechanisms.
Given its complexity, SUI cannot be explained by one
theory or a single risk factor. We propose a more compre
hensive theory, the "trampoline theory," to encompass all the
factors that playa role in SUI.

A trampoline is composed of fabric, springs, and an outer
ring. The proper functioning of a trampoline relies upon an
intact fabric (LUT tissue), functioning springs (supporting
structures of the bladder and urethra) and a strong outer ring
(bony pelvis) (Fig. 5.5). Rarely does the malfunction of one
element lead to the dysfunction of the entire trampoline.
Similarly, it is doubtful that malfunction of anyone element
of the continence mechanism will result in SUI. If several of
the elements malfunction, however, and no other element
compensates for the lost function, then the trampoline
malfunctions. The same phenomenon may apply to SUI. It
is the malfunction of not just one but many elements
that ultimately overwhelms the threshold of the continence
mechanism and leads to SUI (Fig. 5.6).

The trampoline theory does not present any new scien
tific information on the pathophysiology of SUI but it does
represent a new metaphor that may encourage clinicians

Figure 5.5 Trampoline theory. Intact trampoline: all elements are
functioning and there is no stress urinary incontinence.
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Figure5.6 Trampoline theory. The malfunction of multiple
elements results in stress urinary incontinence.

and investigators to broaden their horizon in regard to the
pathophysiology of SUI. This step, in itself, may encourage
future investigation of other factors, including the known
and many unknown factors related to the pathophysiology
of SUI. We need to accelerate investigations into the possible
role of factors such as inherent biochemical dysfunction or
ischemia, the effects of chronic conditions including
diabetes, increased collagenase activities in the pelvic floor,
and the effects of antiincontinence procedures, including
denervation from vaginal dissection.i'r" By identifying these
factors, we may be able to alter or reduce the impact they
have on the continence mechanism, and ultimately create
strategies to prevent SUI.
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phologically recognizable sphincter. However, as the female
bladder neck normally remains closed until detrusor con
tractions occur, it behaves like a sphincter and therefore it is
also referred to as the internal sphincter,' The significance of
the contribution of the bladder neck to female continence
has been challenged/ as it is suggested in many asympto
matic patients to be functionally unimportant.

The striated muscle fibers which constitute the external
urethral sphincter are unusually small and are all of the
slow-twitch type.' As a consequence, this sphincter is capa
ble of sustained contraction over relatively long periods of
time and thus contributes to the maintenance of continence.
The medial or periurethral parts of the levator ani, the most
important component of the pelvic floor, provide an addi
tional occlusive force on the urethral wall.I The levator ani
consists of cells larger than those in the external sphincter
and has the morphologic features of a typical voluntary
muscle. The cells are a mixture of slow- and fast-twitch type
cells. The latter are capable of responding to fast abdominal
pressure increases, such as occur during coughing.

The human pelvic floor contains a relatively large
amount of connective tissue, which is probably also of sig
nificance for support of the pelvic organs.' Additional
supportive structures in the male and female are the pubo
prostatic and the pubourethral ligaments, respectively.'
These ligaments, which also contain smooth muscle bundles,
attach the prostate and the female bladder neck and anterior
urethral wall to the symphysis pubis. A good support of
the proximal urethra above the level of the pelvic floor is
essential for good transmission of abdominal pressure, so
that urethral occlusion can be maintained during stress.

The function of the lower urinary tract is to temporarily
store a continuously increasing amount of urine at low
pressure and expel it under appropriate circumstances. The
reservoir function of the bladder is favored by a permanently
low intravesical pressure over a wide volume range and a
bladder outlet that remains firmly closed, even under con
ditions of abdominal pressure rises, during the filling phase
of the bladder which represents the majority of its activity

Anatomy, Physiology and
Pathogenesis of Bladder Overactivity
Christopher R Chapple

INTRODUCTION
The lower urinary tract comprises the bladder, the urethra,
and the external urethral sphincter or rhabdosphincter,
which is integrated in the pelvic floor. In the male, the
prostate surrounds the proximal part of the urethra. The
bladder consists of three distinct layers: an adventitial layer
of connective tissue, which is partly covered by the peri
toneum, on the outside, a mucosal layer on the lumen side,
and a smooth muscle layer, the detrusor muscle, in between. I

Anatomically, the bladder can be divided into three parts:
the fundus and the body, the trigone, and the bladder neck.
The detrusor muscle of the bladder fundus and body is often
described as consisting of three layers, with the muscle fibers
oriented longitudinally in the inner and the outer layer and
circularly in the middle layer.' In fact, the detrusor is an
interlacing meshwork of muscle bundles with longitudinally
oriented muscle bundles dominating its inner and outer
parts.'

The smooth muscle of the trigone consists of two layers.
The deep trigonal muscle is continuous with the body
detrusor muscle. The superficial trigone, on the lumen side
of the bladder, is rather thin and consists of muscle bundles
with a small diameter. It is continuous with the muscle layers
of the intramural part of the ureters and with the smooth
muscle of the proximal urethra.'

The mucosa that lines the bladder consists of the sub
urothelial layer and the urothelial epithelium. I The former
contains connective tissue and a network of blood vessels
and smooth muscle cells, as well as a number of cell types
currently under evaluation and classified by the term
"interstitial cells." The urothelium has a thickness of up to

six cell layers. At the trigone, its thickness is limited to two
or three layers.

The bladder neck is considerably different in men and
women. The smooth muscles in the male bladder neck
are oriented circularly and constitute the internal urethral
sphincter. They merge with the prostatic musculature. The
muscle bundles in the female bladder neck are oriented
obliquely or longitudinally and do not constitute a mor-
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cycle. Conversely, during voiding, the bladder should be able
to develop a sustained contraction of sufficient strength with
the bladder outlet offering a low resistance to urinary flow to
ensure a ready and residue-free voiding process.

INNERVATION
Efferent innervation. The lower urinary tract is
innervated parasympathetically, sympathetically, and somat
ically. The efferent parasympathetic nerves originate in the
intermediolateral columns of gray matter in the sacral spinal
segments S2--4 and run as the pelvic nerves into the pelvic
plexus, where they either synapse with postganglionic
nerves or run straight to ganglia in the bladder wall where
they synapse." These intramural ganglia are mainly located
in the adventitia.' The third sacral segment is dominant in
most humans.' The efferent sympathetic nerves originate in
the intermediolateral gray columns of the thoracolumbar
segments TIo-L2. Most fibers synapse in the inferior
mesenteric plexus and reach the bladder via the hypogastric
nerves. Synapsing may also occur in the paravertebral
ganglia and the pelvic ganglia. Some fibers just synapse in
the intramural ganglia.

The innervation of the bladder neck is strikingly different
in men and women.' While the male bladder neck has a rich
sympathetic innervation, the female bladder neck is only
sparsely supplied with sympathetic nerves. Parasympathetic
nerves are present in both sexes.

The somatic nerves that innervate the external urethral
sphincter originate in Onuf's nucleus, an area of atypical
(that is, unusually small) motoneurons in the anterior horn
of the segments S2--4 (mainly S2). These nerves are widely
believed to run in the pudendal nerves. Some studies,
however, seem to indicate that they run in the pelvic nerves,"

Neurotransmission. The terminal branches of the
efferent autonomic nerves run within the smooth muscle
bundles," They have a series of swellings called varicosities
which contain a number of vesicles which in turn contain
neurotransmitters. The arrival of a nerve impulse at a vari
cosity causes the release of its vesicles, which subsequently
release their contents into the muscle bundle. This results in
the contraction of a group of muscle cells within that bundle.

Electron microscopically, three types of vesicles can be
distinguished: agranular vesicles containing acetylcholine,
small dense-cored vesicles containing noradrenaline, and
large dense-cored vesicles, the contents of which are yet
uncertain. The presence of the latter type reflects the com
plexity of the autonomic innervation of the bladder. In the
traditional description, the parasympathetic nerves release
acetylcholine, which acts on muscarinic receptors at the
muscle side of the neuromuscular junction, and the sym-

pathetic nerves release noradrenaline. However, many more
neurotransmitters have been identified. These include
amines (such as histamine, serotonin, and dopamine), amino
acids (such as GABA), prostaglandins, purines (such as ATP)
and several peptides (such as substance P, neuropeptide Y,
vasoactive intestinal polypeptide, and endorphins). The
exact role of these nonadrenergic, non cholinergic substances
is unknown. They possibly modulate the effects of the two
classic neurotransmitters,"

Afferent innervation. The afferent fibers of the bladder
probably originate from the nerve plexus immediately
beneath the mucosa.' This so-called suburothelial nerve
plexus is relatively sparse in the fundus of the bladder and
becomes denser in the direction of the bladder neck. It is
most prominent in the trigone. Two types of afferent fibers
can be distinguished: small myelinated Ao fibers and small
unmyelinated C fibers. Most likely, the Ao fibers receive
information from mechanoreceptors sensing bladder filling,
while the C fibers normally only respond to noxious stimuli.

The afferent fibers run in parasympathetic (pelvic) and
sympathetic (hypogastric) nerves. The somatic afferents
from the urethra and the pelvic floor run with the pudendal
nerve. The afferent fibers run to the spinal segments
TIo-L2 and S2--4,that is, the same segments from which the
efferents to the lower urinary tract depart. Here some of
them synapse with efferent neurons, while the remainder
ascend the spinal cord to the brainstem and higher centers,"
Afferent fibers from other sites such as other pelvic organs
and the perineal skin run to the same segments where they
also synapse with efferent neurons or join ascending
pathways. The described neural connections between
afferent and efferent fibers enable the performance of the
many spinal reflexes playing a role in continence and
micturition,"

THE NORMAL MICTURITION CYCLE
Voiding phase. Micturition is a complex process that
is normally initiated voluntarily and is continued auto
matically until the bladder is empty. It is characterized by a
sustained contraction of the detrusor muscle and relaxation
of the external urethral sphincter. The coordination between
the two groups of motoneurons innervating these two mus
cles, that is, the detrusor motoneurons in S2--4 and the
somatic motoneurons in Onuf's nucleus, takes place in an
area near the locus ceruleus in the pontine tegmentum by
integration of ascending information from the parasym
pathetic, sympathetic, and somatic nervous systems. This
coordinating area is known as Barrington's nucleus, pontine
micturition center (PMC) or M region. It is under the
control of several higher centers, both of the conscious and



unconscious level. The locations of these centers include the
midbrain (periaqueductal gray matter, hypothalamus), basal
ganglia (amygdala), cerebral cortex (frontal lobe, cingulate
gyrus, insula) and possibly the cerebellum.'

The PMC is inhibited until the initiation of voiding. The
current theory is that information about the degree of
bladder filling is sent from neurons in the lumbosacral cord
to the midbrain periaqueductal gray matter (PAG), an area
known for its involvement in many vital functions," These
afferent signals originate from mechanoreceptors and
stretch receptors in the bladder wall, as well as the recently
described but poorly understood suburothelial nerve plexus
which is also closely approximated to so-called "interstitial"
cells which are thought to have an important sensory and
integrative function in lower urinary tract control. The PAG,
possibly controlled by the hypothalamus, activates the PMC
when voiding is considered appropriate," This results in both
excitation of the detrusor motoneurons in S2--4 and, via
excitation of inhibitory interneurons, inhibition of the rnoto
neurons in Onuf's nucleus. Because micturition develops
automatically once initiated and because of the pathways
involved, it is referred to as a spinobulbospinal reflex.

The group of rnotoneurons in the sacral cord innervating
the detrusor muscle is traditionally referred to as the sacral
micturition center. As this center does not coordinate
micturition in a sense similar to the PMC, this term might
need reconsideration." It is, however, likely that the com
pleteness of bladder emptying largely depends on the neural
interaction at the level of the sacral cord and peripheral
ganglia.'

Normal bladder contraction In humans is mediated
mainly through stimulation of muscanrnc receptors in
the detrusor muscle. Atropine resistance, i.e. contraction 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. However,
atropine-resistant (nonadrenergic, noncholinergic: NANC)
contractions have been reported in normal human detrusor
and may be caused by ATP. A significant degree of atropine
resistance may exist in morphologically and/or functionally
changed bladders, and has been reported to occur in hyper
trophic bladders, interstitial cystitis, neurogenic bladders,
and in the aging bladder. The importance of the NANC
component to detrusor contraction in vivo, normally, and in
different micturition disorders 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.

THE NORMAL MICTURITION CYCLE I
Detrusor smooth muscle from various species contains

muscarinic receptors of the M1 (- 2/3) and M J (- 1/3)
subtypes. There is general agreement that M J receptors are
mainly responsible for the normal micturition contraction
whereas the role of the M1 receptors has not been clarified.
In certain disease states, M 1 receptors may contribute to
contraction of the bladder.

The muscarinic receptor functions in the bladder may be
changed in different disorders, such as outflow obstruction
and neurologic disorders. However, it is not always clear
what the changes mean in terms of alterations in detrusor
function.

Filling phase. The intravesical pressure or, more exactly,
its component caused by activity of the detrusor muscle, the
so-called detrusor pressure, normally remains low during
the filling phase of the micturition cycle. This is not only due
to the passive properties of the bladder wall but also involves
neurologic mechanisms at several levelsY Cerebral
inhibition of the PMC is probably the main factor.' Spinal
mechanisms include recurrent inhibition of the detrusor
motoneurons in S2--4 by interneurons, the filter action of
the parasympathetic ganglia (meaning that impulses are
not transmitted when preganglionic activity is low) and
increased sympathetic activity inhibiting transmission in
the parasympathetic ganglia." Sympathetic inhibition is
provoked by afferent activity in the pelvic as well as the
pudendal nerves, originating from sensory afferents as
described above.' There is evidence that the role of the
sympathetic nervous system is not limited to local spinal
reflexes but involves central pathways: the insular cortex
appeared to be activated during bladder filling in volunteers
who were not allowed to micturate (it is known that acti
vation of the right insula results in an increased sympathetic
tone).10 However, some controversy exists as to the
importance of the sympathetic system. II

Continence is maintained at the bladder neck but the
neural control of this structure is poorly understood.'
Perhaps the passive occlusion of the bladder neck resulting
from the surrounding collagen and elastic tissue and its
muscular and ligamentous suspension is of more importance
in the closure mechanism. An incompetent bladder neck
does not necessarily lead to incontinence due to the occlu
sion of the distal urethral sphincter (comprising extrinsic
and intrinsic components). A crucial role in this occlusion
is probably played by the so-called L region, an area located
ventrolateral to the PMc. 11 Neurons from this region pro
ject bilaterally to Onuf's nucleus and electrical stimulation
of this area induces pelvic floor contraction and elevation
of the urethral pressure. Because the L region appeared
especially active in volunteers who tried to micturate but,
probably because ofemotional reasons, were unable to do so,
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it may be assumed that afferents of this region originate in
limbic system-related strucrures.F

It follows from this subdivision that detrusor overactivity
may have several causes. The possible mechanisms causing
detrusor overactivity will therefore be discussed under three
headings.

PATHOPHYSIOLOGY OF BLADDER
OVERACTIVITV
As mentioned above, the detrusor pressure normally
remains low during bladder filling. The occurrence of invol
untary phasic detrusor contractions during the filling phase
of a urodynamic study, spontaneously or on provocation, was
previously termed "detrusor instability" (in nonneurogenic
cases) or "detrusor hyperreflexia" (in neurogenic cases) by
the International Continence Society, but is now referred
to as "idiopathic or neurogenic detrusor overactivity"
respectively." The changes in terminology are summarized
in Box 6.1.

Idiopathic detrusor overactivity. In many cases,
although the etiology is unclear, the cause of idiopathic
detrusor overactivity is likely to be neurogenic rather than
myogenic, particularly in view of the association between
detrusor overactivity and aging. An increased number of
putative afferent nerves in the bladder wall of female
patients has been reported." Although no effect of intra
vesical capsaicin on idiopathic detrusor overactivity was
found," efficacy was found in 12 patients treated with the
more potent analogue resiniferatoxin." This suggests the
involvement of the afferent C fibers. The role of nonneuro
genic factors can not be excluded, however, as abnormal
cell-to-cell communications have been reported in the
bladders of patients with idiopathic overacriviry."

Drake et al have suggested that whilst traditionally
normal bladder function is controlled by the central nervous
system (CNS) and any peripheral contribution to bladder

Neurogenic detrusor overactivity. Several neurogenic
conditions may cause overactivity. Following spinal trans
section, there is a period of spinal shock, during which there
is a state of flaccidity and areflexia of the body below the
level of the lesion due to the withdrawal of the supraspinal
influences on the motoneurons. This situation also applies to
the PMC and the sacral micturition center. After a highly
variable time, reflex activity develops. Such activity is found
in the bladder typically after 6-8 weeks, provided the sacral
cord has remained intact." It is thought that these reflexes
are mediated by unmyelinated C fiber afferents that are
present but inactive in the healthy individual, rather than by
the Ao fibers that mediate the normal micturition reflex."
The same fibers are held responsible for the overactivity
observed in other spinal diseases like multiple sclerosis. The
involvement of these fibers has been supported by the suc
cessful treatment of patients with intravesical application of
the vanilloids capsaicin and resiniferatoxin.P'" The effect of
capsaicin was found in patients with detrusor overactiviry
caused by suprapontine pathology,"

Theoretically, there is no need to assume a role for seg
mental reflexes in these cases. Involuntary contractions may
develop at any time due to the disruption of the inhibiting
influences of suprapontine centers on the PMC. The loca
tion of the injury is not only relevant to the pathophysiologic
mechanism of the overactiviry, but is also of significance for
the voiding process. Detrusor-sphincter dyssynergia is to be
expected in spinal patients due to the disturbed coordination
of the PMC and will be absent in patients with suprapontine
lesions.

dimensions of afferent and efferent rat neurons.l' Additional
experiments in rats demonstrated that the structural changes
are accompanied by functional changes, at least in the
afferents."

Urodynamic stress incontinence

None

Detrusor overactivity
incontinence with urgency

Detrusor overactivity
incontinence without sensation

IN
Neurogenic detrusor
overactivity

Idiopathic detrusor overactivity

None

Genuine stress incontinence

Reflex incontinence

Detrusor instability

Motor urgency

Sensory urgency

Motor urge incontinence

Box 6.1 Tenninology

OUT
Detrusor hyperreflexia

Obstructive detrusor overactivity. Bladder outlet
obstruction causes increased voiding pressures and a pro
longed duration of voiding. It has been hypothesized that
this results in ischemic damage to the intramural ganglia and
consequently a partial denervation of the detrusor muscle."
Experiments have shown that denervation of smooth muscle
cells may result in supersensitivity to agonists, increased
excitability, and increased electrical coupling. These
changes may make the detrusor muscle susceptible to the
development of involuntary contractions. It has been argued
that the detrusor muscle hypertrophy upon obstruction
does not necessarily playa causative role." A somewhat con
trasting and more evidence-based explanation comes from
the observation of increased levels of nerve growth factor in
the bladders of obstructed rats and humans and increased
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control is believed to be small, nevertheless anatomically
and functionally such a contribution might exist. They pro
pose that the detrusor muscle is arranged into modules,
which are circumscribed areas of muscle active during the
filling phase of the micturition cycle. These modules are
controlled by a peripheral myovesical plexus, consisting of
intramural ganglia and interstitial cells. They suggest that
whilst detrusor overactivity is traditionally thought to be
a consequence of abnormal expression of the micturition
reflex or changes in the properties of the smooth muscle, in
fact it results from exaggerated symptomatic expression of
peripheral autonomous activity, arising from a shift in the
balance of excitation and inhibition in smooth muscle
rnodules.i'

As mentioned above, detrusor overactivity is character
ized by the occurrence of involuntary phasic detrusor con
tractions during the filling phase of the micturition cycle.
Another category of patients comprises those who have
overactive bladder symptoms without signs ofdetrusor over
activity, a condition usually described as "sensory urgency."
This term, however, is no longer recommended by the
International Continence Society!' because of the difficulty
in characterizing these patients; although, since the same
therapeutic options as in detrusor overactiviry may suc
cessfully be applied in a portion of these patients, a similar
pathophysiology may be hypothesized but remains to be
proven.

The overactive bladder. In the most recent report
on the standardisation of terminology of lower urinary
tract function, the Standardization Subcommittee of the
International Continence Society defines the symptoms,
signs, and conditions associated with lower urinary tract
dysfunction." It has been proposed that the filling symptoms
of urgency with or without urge incontinence, usually with
increased urinary frequency and nocturia, are indicative of a
symptom syndrome called the overactive bladder syndrome
(OAB), also known as the urge syndrome and urgency
frequency syndrome.

OAB is a symptom syndrome defined as "Urgency, with
or without urge incontinence, usually with frequency and
nocturia." These symptoms are suggestive of detrusor
overactivity (urodynamically demonstrable involuntary
bladder contractions) but can be due to other forms of
voiding or urinary dysfunction. These terms can be used if
there is no proven infection or other obvious pathology. OAB
is therefore clearly distinct from urodynamically proven
detrusor overactivity, although the majority of people with
OAB are thought to have this underlying diagnosis. The
relationship between the symptoms is shown in Figure 6.1.

Urgency is probably the most important symptom in this
syndrome; improvements in terms of increased "warning
time" of the need to get to the toilet are often mentioned by

PATHOPHYSIOLOGY OF BLADDER OVERACTIVITY

Figure 6.1 The potential interrelationship with the cardinal
symptoms of the overactive bladder (urgency, frequency)
symptom complex.

patients as the most noticeable response to therapy. Despite
its importance, this symptom is difficult to define and hence
to quantify. At this juncture it is useful to consider the
definition of the various terms applied to the symptoms of
the OAB syndrome.

• Urgency: the complaint of a sudden, compelling desire to
pass urine that is difficult to defer

• Urge incontinence: the complaint of involuntary
leakage of urine accompanied or immediately
preceded by urgency

• Frequency (voiding 8 or more times per day): usually
accompanies urgency with or without urge
incontinence; the patient complains that he/she voids
too often by day

• Nocturia: usually accompanies urgency with or without
urge incontinence: the individual has to wake at night
one or more times to void

Clearly, urgency drives the other symptoms of the OAB
syndrome (Fig. 6.2).

Figure 6.2 The interrelationship between the symptoms of the
overactive bladder symptom complex, demonstrating the
importance of urgency. 1. Proven direct effect. 2. Effect correlated
with urgency but inconsistent due to multifactorial etiology of the
symptom.
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Variousstudies have reported a prevalence for this symp
tom complex of 16--17% in the population/" Incontinence
occurs in approximately a third of patients and approx
imately a third of patients have a mixed picture of combined
sphincteric weakness and detrusor overactiviry,

The diagnostic pathway follows on from the appropriate
assessment of any patient as detailed elsewhere.
History

• Q!Iestionnaires
• Frequency/volume chart

Urinalysis
Physical examination

• Pelvic Organ Prolapse Q!Iantification (POPQ) system
• Bladder neck mobility
• Sacral reflex integrity/pelvic floor muscle strength

Tests

• Pad test
• Flowmetry/posrvoid residual (PVR)
• Urodynamics

In any patient who fails to respond to initial therapy or in
the presence of a complex picture, formal cystornetry is
important as the diagnostic study to demonstrate abnormal
detrusor function and/or abnormal bladder sensation.

Specific indications for cystometry include:

• after treatment failure
• prior to invasive therapy
• complicated incontinence
• long-term surveillance of incontinence associated

with neurologic disorders.

During cystometry, bladder sensation can also be evaluated.
This can be judged at defined points during filling
cystometry and must be interpreted in relation to bladder
volume at that specific moment and in relation to the
patient's symptomatic complaint or sensation. Many patients
with overactive bladder syndrome will present with an
increased bladder sensation characterized by an early first
sensation of bladder filling or an early desire to void.
Another pattern may be an early strong desire to void which
occurs at low bladder volume and which persists. This can
be indicated by the patient as urgency or the sudden
compelling desire to void.

Under the previous ICS terminology, individuals in
whom these involuntary contractions are demonstrable were
said to have "motor urgency" while individuals in whom
these are not demonstrable were classified as "sensory

urgency." However, the ICS no longer recommends these
terms as they are often misused and have little intuitive
meaning. Furthermore, it may be simplistic to relate urgency
just to the presence or absence of detrusor overactiviry when
there is usually a concomitant fall in urethral pressure,
particularly as it is so difficult to measure urethral pressure
accurately. Fluctuations in urethral pressure have been
described as the "unstable urethra." However, the signifi
cance of these fluctuations remains unclear. Therefore the
ICS does not recommend this term. If symptoms are present
in association with a decrease in urethral pressure, it is
proposed that a description of the events is given.

Provocative maneuvers such as rapid filling, use of cooled
or acid medium, postural changes and hand washing may be
used during cystometry to provoke detrusor overactiviry,
However, it should be realized that with this type of provo
cation, detrusor overactivity may be detected in some
asymptomatic individuals. If doubt remains as to the exact
behavior of the bladder, ambulatory urodynamics can be
used to monitor bladder activity for a prolonged period
of time but this remains a nonstandardized technique and
is best regarded still as a research tool. Cystometry also
permits measurement of cystometric bladder capacity and
allows this to be matched to the bladder diary data.
Cystometric bladder capacity is the bladder volume at the
end of the filling. This is the volume at which the patient
feels she can no longer delay micturition because of the
strong desire to void. If there is uncontrollable urgency
resulting in incontinence, this volume is the volume at which
voiding starts.

TREATMENT
Treatment for all forms of incontinence should commence
with conservative methods before progressing to more
complex surgical procedures. A multidisciplinary approach
is important. In the UK, in addition to urologists and gyne
cologists, continence nurse specialists, physiotherapists, and
healthcare professionals in community-based primary care
services playa pivotal role in the management and support
of incontinent patients. It is important to get an overall
picture of the effect of incontinence on the patient's life.
General support of the patient with respect to activities of
living, pads/special pants, catheters, and appliances forms an
important facet in the management of these patients and
continence nurses playa vital role in this context.

Behavioral therapy and pharmacotherapy are the main
stays of treatment and there is a continuing search for more
effective and selective drugs with minimal side effects.
About 50% of patients gain satisfactory benefit from phar
macotherapy. The role of physiotherapy in the treatment
of urge incontinence remains unclear as evidenced by
systematic review of clinical trials.



Behavioral therapy. This involves the patient drinking
less before bed or before a journey, while retraining the
bladder to hold on for a longer time. A fluid/volume chart
helps with this. Lifestyle interventions such as restriction of
diuretics (e.g. caffeine, alcohol) and fluid can be helpful.
Most patients have often taken this step before being seen in
the clinic. The additive effect of "bladder training" to that
seen with pharmacotherapy remains controversial, although
logic would support the importance of modifying behavior
to augment the therapeutic efficacy of pharmacotherapy.

Phannacologic treatment. There is currently no
group of drugs which can be used with consistently suc
cessful results. Many drugs have been tried but the results
are often disappointing, due to poor treatment efficacy
and/or side effects. There have been many evaluations of
the drugs currently used for treatment of OAB. The present
review is based on the evaluation made by the Second
International Consultation on Incontinence, held in Monaco
in 2004.25 Drugs were evaluated using different types of
evidence (Box 6.2). Pharmacologic and/or physiologic
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 eval
uations made using a modification of the Oxford system, in
which emphasis is given to the quality of the trials assessed
(Box 6.3, Table 6.1).

Drugs used for treatment of bladder overactivity.
Detrusor overactivity may be the result of several different
mechanisms, both myogenic and neurologic. Most probably,
both factors contribute to the genesis of the disease.

An abundance of drugs has been used for the treatment
of OAB (Table 6.1). However, for many of them, clinical use
is based on the results of preliminary, open studies rather
than randomized, controlled clinical trials (RCTs). The

Box 6.2 Types of evidence

Pharmacodynamic
In vitro
In vivo

Pharmacokinetic
Absorption
Distribution
Metabolism
Excretion

Physiologic
Animal models
Clinical phase I

Clinical
Oxford guidelines

TREATMENT I

Box 6.3 lei 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 inconsistenUinconclusive (= not
recommended)

antirnuscarinics tolterodine and trospium, the drugs with
mixed actions, oxybutynin and propiverine, and the vaso
pressin analog desmopressin were found to fulfill the criteria
for level 1 evidence according to the Oxford assessment
system and were given grade A recommendations by the
International Consultation on Incontinence. More recently,
the anticholinergic drugs solifenacin and darifenacin have
been introduced and (at the last ICI consultation, as yet
unpublished) have also been given a grade A recommen
dation pending statutory authority approval.

Surgery. Surgery for detrusor overactivity should be
reserved only for patients for whom all conservative treat
ment modalities have failed since all surgical procedures
bring with them associated risks and complications. The
objective of surgery is to increase the functional bladder
capacity and decrease the maximal detrusor pressure, which
in turn would prevent incontinence from occurring. In
patients with neuropathic bladders, surgery would confer a
protection to the upper tract as well.

Cystoplasty involves remodeling of the bladder in order
to disrupt its ability to contract and to increase its physical
and functional capacity. In contrast, electrical stimulation of
the bladder's nerve supply, commonly termed neuromod
ulation, aims to suppress the reflexes responsible for causing
involuntary bladder contractions. Denervation procedures
also act on the problematic neural reflexes but do so by
temporary or permanent interruption of the reflex pathways.
Another option is to completely bypass the bladder as a last
resort. Preoperatively patients should be counseled regard
ing the outcomes of the operation, especially regarding
voiding difficulty and the potential use of intermittent self
catheterization.

Numerous approaches have been used to try to overcome
unwanted bladder contractions in both the idiopathic and
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Table6.1 Dn.lgs used In the treatment of detn.lsor overactlvlty. Assessments
according to the Oxford system (modified)

Level of ftIcIence GI'Ildeof
NOOmIlMtllUtlon

Antlmwarlnlc dnill.

Tolterodine 1 A
Trospium 1 A
Darifenacin 1 A*
Solifenacin 1 A*
Propantheline 2 B
Atropine. hyoscyamine 2 0

IJrup NtIng on m.",Inne chan"..

Calcium antagonists Under investigation
Potassium channel openers Under investigation

Dru". with mind IH:fIoIg

Oxybutynin 1 A
Propiverine 1 A
Dicyclomine 4 C
Flavoxate 4 0

a.~ .ntagon'"
Alfuzosin 4 0
Doxazosin 4 0
Prazosin 4 0
Terazosin 4 0
Tamsulosin 4 0

lS~ ."on'"
Terbutaline 4 0
Clenbuterol 4 0
Salbutamol 4 0

A~....

Imipramine 2 C**

PrHmglandln.~ Inhlbltfn

Indomethacin 4 C
Flurbiprofen 4 C

VaopNaIn .n.log.

Desmopressin 1 A***

OtIHIrdnip

Baclofen 2 C****
Capsaicin 2 B
Resiniferatoxin 2 B
Botulinum toxin 2 B

--- ------- --- - ---- - 0___ --
* Provided approval

--
Should be used with caution

---
Nocturia

**** Intrathecal use
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neuropathic populations. Many innovative procedures have
enjoyed temporary popularity but then fallen into disuse
as unacceptable complications and long-term results
emerged. Among the historical footnotes at the present time
are bladder transsection, prolonged bladder distension, and
selective sacral neurectomy.

The mainstay of current therapy for bladder overactivity
is augmentation cystoplasty, using the "clam" technique."
Three additional surgical options have been added to this in
recent years: bladder autoaugmentation." sacral neuromod
ulation.i" and botulinum toxin injection therapy.29,3o

Whilst a number of surgical techniques have been
reported over the years to deal with drug-resistant detrusor
overactivity, it is now widely accepted that procedures such
as detrusor transsection and transtrigonal phenol injection
therapy produce unreliable, short-lived results to the extent
that their routine use can no longer be supported.

Augmentation cystoplasty. The principle underlying
an augmentation cystoplasty is that by bivalving a function
ally overactive bladder and introducing a segment of intes
tine, it is possible to produce a bladder with an increased
functional capacity and a lower end filling pressure.

The two most commonly used intestinal segments are
ileum and sigmoid. The sigmoid is usually used in patients
where a short small bowel mesentery renders the procedure
difficult but it has been suggested that ileum is preferable
in that it produces lower reservoir pressures and better
compliance. The original technique described for clam
cystoplasty is still widely used but modifications to this
include opening the bladder in the sagittal plane, which
appears equally effective, and opening the bladder as a "star."
The star modification can be particularly useful in patients
with neurogenic bladder dysfunction (NBD) where the
bladder is small and very thickwalled. An alternative surgical
technique popularized by McGuire is his modification of
the hemi-Kock procedure with a transverse "smile" incision
(looking posteriorly) which is fashioned 3 em above the
ureteral orifices, creating an anteriorly based detrusor flap.
Most workers find coronal or sagittal bivalving of the blad
der to be effective and acceptable provided that adequate
opening of the bladder is performed right down to the
ureteral orifices both to adequately open the bladder and
also prevent "diverticulation" of the cystoplasty segment.
There are reports of laparoscopic enterocystoplasty having
been undertaken successfully but this remains the province
of the enthusiastic pioneer at present. 31

It must be remembered that this is major surgery and
despite adequate preoperative counseling, many patients
take some months to adapt to their new bladder and learn to
void effectively by abdominal straining. It is important
to check on postoperative residuals and intermittent self-

TREATMENT I
catheterization is necessary for a number of these patients,
particularly those with NBD, and it is of interest to review
the reported incidence of intermittent self-catheterization
which varies from 15% up to 85% of cases. It is evident that
a number of factors contribute to the intermittent self
catheterization rate, including the level of residual accepted
as tolerable by the supervising urologist and concomitant
use of procedures directed at the bladder outflow, either
urethral dilation or treatments for stress incontinence. A
particular debate centers around the treatment of coexisting
stress incontinence at the time of the clam procedure and
current opinion remains divided on this matter. Certainly,
any measures designed to deal with stress incontinence will
increase the rate of intermittent self-catheterization.

Other problems encountered with augmentation cysto
plasty include difficulty in voiding, mucus production, infec
tions, and metabolic disorders which are usually mild and
subclinical. Provided that patients are counseled preopera
tively regarding mucus, this is rarely a problem. Persistent
urinary infection can be troublesome, particularly in female
patients, and it has been reported to occur in up to 30% of
cases with the need for long-term antibiotic therapy in a
number of these.

It must be remembered that there are long-term sequelae
associated with augmentation cystoplasty and prominent
amongst these is bowel disturbance, with increased fre
quency and looseness of bowel actions and a tendency to
incontinent episodes, which occurs in up to a third ofpatients.
Bowel dysfunction following augmentation cystoplasy is
thought to be related to the interruption of the normal
enterohepatic circulation. Bladder perforations do occur in
up to 10% of patients in reported series. It must also be
borne in mind that a significant number of patients require
long-term intermittent self-catheterization.

At present, lifelong follow-up of these patients is recom
mended not only because of the above complications but
also in view of the suggestion that augmentation cystoplasty
predisposes to the subsequent development of malignancy.
There exists no convincing evidence to support an asso
ciation with tumor in the absence of other predisposing
factors such as previous tuberculosis or chronic urinary
stasis such as that associated with paraplegia.

Augmentation cystoplasty is an effective management
option in contemporary practice in children, adolescents,
and adults with intractable detrusor overactivity resistant to
pharmacotherapy, although most of the reported series have
a follow-up ofless than 5 years. Nevertheless, it does involve
major surgery, there are a number of medium- and long
term complications associated with its use and patients
require lifelong monitoring. A proportion of patients are not
improved by this procedure. With these observations in
mind, alternative therapies have been explored.
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Tissue engineering technology may prove to be useful in
developing viable alternatives to the currently used bowel
segrnents.Flt has been shown that the bladder has the ability
to repair and remodel itself to a large extent, particularly if
provided with suitable support. It appears that the urothelial
layer has the ability to regenerate normally but the muscle
layer does not fully develop. Recent work in this field has
therefore concentrated on finding the most suitable scaffold
for native bladder regeneration. In addition, engineering
tissue using selective cell transplantation may provide the
means for creating new, functional bladder segments. The
donor tissue is dissociated into individual cells, which are
implanted directly into the host or expanded in tissue cul
ture, attached to a support matrix and reimplanted following
expansion. The use of autologous bladder cells eliminates
the problems of tissue rejection. Other attempts in the
area have looked at the potential for neural ingrowth into
bioengineered tissues.

At the present time, these techniques remain experi
mental. However, initial laboratory studies have shown that
such technology holds genuine potential for future advances
in the field of reconstructive urology.

Autoaugmentation. In 1989 Cartwright and Snow
reported a surgical technique which they named bladder
autoaugrnentation." The principle is that the detrusor
muscle over the entire dome of the bladder is excised,
leaving the underlying bladder urothelium intact. A large
epithelial "bulge" is created which functions by augmenting
the storage capacity of the bladder. Following excision of the
dome detrusor muscle, the lateral margins of the detrusor
are fixed bilaterally to the psoas muscles.

An alternative surgical approach which has been explored
in case reports is Iaparoscopic-assisted autoaugmentation
but comment on this cannot be made in the absence of
adequate numbers of patients and no significant follow-up."

Whilst it is recognized that spontaneous perforation of an
augmentation cystoplasty bladder is a very real phenome
non, occurring in up to 10% of cases, it is a particular
concern that patients may be at greater risk of a perforation
following the auroaugmentation procedure because of the
thinness of the mucosa in the bulging "diverticulum" pro
duced by the operation. Certainly evidence in support of
this is provided by animal studies where autoaugmenration
resulted in a higher risk of perforation occurring, and at
lower pressures, than augmentation cystoplasty. To date this
complication has not been reported in clinical series.

A possible explanation for this is that there is the ingrowth
of fibrous tissue around the mucosal diverticulum with the
progress of time and this would certainly correspond to the
limited increase in capacity seen following the procedure.
This also raises the question as to the durability of this
operation if this fibrosis is progressive.

At present, whilst auroaugrnentation has a number ofattrac
tive features to recommend it, it is clear that the increase
in bladder capacity and reduction in detrusor overactivity
which results from this procedure are far less pronounced
than those achieved with augmentation cystoplasty.

The number of cases reported in the literature is small,
with short-term follow-up. Whilst the definite advantage
of this technique is the lower incidence of morbidity as
compared to conventional augmentation cystoplasty, the
question must be posed as to whether this is adequately
counterbalanced by the limited efficacy of the procedure
and the possibility that the response achieved may not be
maintained in the longer term.

Whilst a definite advantage of this procedure is the fact
that it is less interventional than augmentation cystoplasty,
and with a lower morbidity, the search for less invasive
techniques has led to sacral neuromodulation and botulinum
toxin injection therapy, providing the opportunity for an
organ-preserving and reversible treatment alternative to
standard augmentation cystoplasty.

Sacral neuromodulation. The principle of sacral neuro
modulation is to stimulate the sacral plexus, usually the S3
nerve root. The exact mechanism of action of this therapy
is as yet poorly defined in view of our relative lack of
knowledge about the precise neurologic control of the lower
urinary tract. Nevertheless, it is well established that
efferent and afferent autonomic and synaptic pathways are
interlinked to enable coordinated storage and voiding of
urine in conjunction with central nervous control. A likely
explanation is that stimulation of the sacral plexus results
in afferent stimulation reflexly inhibiting the bladder. An
alternative secondary mode of action is that electrical
stimulation of the sacral nerve results in contraction of the
pelvic floor which further contributes to the efferent
feedback. The phenomenon of longer lasting effects even
when implants are turned off serves to emphasize that there
are aspects of the mechanism of action of this therapy which
still remain obscure, no doubt reflecting our limited
knowledge in this field.

Treatment of patients by neuromodulation involves a
three-stage process of acute stimulation, peripheral nerve
evaluation (PNE) with a temporary electrode, and finally
a permanent implant. The first implant for human sacral
nerve stimulation was performed in 1986 by Schmidt and
Tanagho," during research into sacral anterior root stimu
lation in patients with severe neuropathic voiding problems.
Since then a number of conditions refractory to conservative
therapy have been treated by neuromodulation, with varying
degrees of success. These include motor and sensory
detrusor dysfunction, chronic retention in women, and pelvic
pain, but treatment of detrusor overactivity has been most
widely studied.



Neuromodulation is an adjunct to the surgical treatments
available to the patient and all the treatment options, risks,
and benefits need to be explained. It does have the advantage
of being reversible and does not affect further treatment
if unsuccessful. Whilst its mechanism of action is unclear,
it seems to have a low morbidity and in the patients who
respond to PNE, results appear good although existing
studies have a limited follow-up. Disadvantages of the tech
nique are that only 40-50% of patients respond to tempo
rary stimulation. The technique for temporary stimulation is
inaccurate due to movements of the temporary electrode
and developments in this area include modifications to the
electrode and a trend towards placement of a permanent
electrode for the PNE which facilitates the second stage of
the procedure.

Sacral neuromodulation is well tolerated by patients and
surgical complications are rare. However, there is a sig
nificant initial failure rate (despite successful preoperative
nerve testing) and some patients experience rapid or gradual
accommodation to the stimulation and thus lose any lasting
benefit. The equipment is costly, an experienced team is
necessary to follow up the patients and overall, out of the
original patient cohort submitted to PNE, probably only
10-20% obtain a worthwhile long-term result. If initial
benefit is lost then reoperation can be considered with a
view to placing an electrode in the contralateral foramen.
Pain at the site of the generator may also occur and require
revision surgery. These problems account for the relatively
high reoperation rate of 33%. Despite this, it is an
interesting and innovative approach to the management of
bladder overactivity and holds promise for the future.

PERCUTANEOUS POSTERIOR TIBIAL NERVE STIMULATION.

The PercSANS™is another nerve stimulation device devel
oped for use in bladder overactivity. Stimulation to the
posterior tibial nerve is applied via a thin needle which is
inserted 5 cm cephalad from the medial malleolus and just
posterior to the margin of the tibia. Correct positioning is
confirmed by flexion of the great toes on stimulation."
Stimulation is given on an intermittent basis with the needle
being reinserted for each treatment period. Clinical use of
the technique has shown early promise, with reported suc
cess rates of 67-81 %. As with the noninvasive neurornodu
lation techniques, patients appear to require ongoing
treatment if they are to maintain benefit;" and in a recent
report at the EAU, many patients declined long-term
therapy because of the need for repeated visits. Again, no
significant side effects have been reported.

Botulinum toxin injection therapy. Botulinum toxin is
a presynaptic neuromuscular blocking agent inducing
selective and reversible muscle weakness for up to several
months when injected intramuscularly in small amounts.

TREATMENT I
The toxin, usually of the A type (although there is a little
work with the B subtype), has been used in a number of areas
of medicine and more recently has been described by
Schurch and colleagues as a therapy for overactive bladder."
Whilst the data on many of the indications for the use of this
therapy remain preliminary, there is a rapidly accruing
evidence base.

Initial therapy with botulinum-A toxin injection has
been with neurogenic detrusor overactiviry and detrusor
sphincter dyssynergia. It is effective in the treatment of
detrusor-sphincter dyssynergia when injected either trans
urethrally or transperineally. After treatment, external
urethral sphincter pressure, voiding pressure, and postvoid
residual volume decreased. The effect lasts for 2-9 months
depending on the number of injections. The best results
have been reported in those patients with multiple sclerosis
and incomplete spinal cord injury, patients suffering from
neurogenic detrusor overactivity and detrusor-sphincter
dyssynergia. Based on initial successful results, the appli
cation of botulinum-A toxin injection therapy into the
external urethral sphincter has been extended to the treat
ment of bladder outflow obstruction and also to decrease
outlet resistance in patients with an acontractile detrusor. In
cases of successful treatment, spontaneous voiding re-occurs
and catheterization can be resumed.

Interestingly, in a report of a case of bladder paralysis
following wound botulism, Sautter et al noted that wound
botulism had been increasingly reported in recent years and
that nearly all of these new cases had occurred in injecting
drug abusers." They noted that surprisingly and despite the
well-known blocking action of the botulinum toxin on the
autonomic nerve system, little attention has been paid to
changes in the lower urinary tract following acute botulinum
toxin poisoning.

Injections of botulinum-A toxin into the detrusor muscle
were first reported by Schurch et al to treat neurogenic
detrusor overactivity in spinal cord-injured patients" and by
Schulte-Baukloh et al in children with myelomeningocele."
In Schurch et ai's initial prospective nonrandomized study
carried out at two clinics were 31 patients with traumatic
spinal cord injury who emptied the bladder by intermittent
self-catheterization. These patients had severe neurogenic
detrusor overactivity and incontinence despite a high
dose of anticholinergic medication. Long-lasting (mean 9
months) detrusor relaxation was noted to occur after the
injection of 300 units of "Botox" (botulinum toxin A).
Continence was restored in about 95% of the patients and
the use of anticholinergic drugs could be markedly reduced
or even stopped.

A retrospective European multicenter study from 10 sites
in 231 patients has presented the most extensive experience
to date with botulinum-A toxin injections into the detrusor
muscle to treat neurogenic incontinence due to detrusor 61
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overactiviry." Three hundred units of Botox were injected
cystoscopically into the detrusor muscle at 30 different
locations, while sparing the trigone. By the time of the initial
(mean 12 weeks after injection) as well as at the second
urodynamic follow-up examinations (mean 36 weeks after
injection), the mean cystometric bladder capacity (P<0.0001)
and the mean reflex volume (P<O.OI) increased significantly,
while the mean voiding pressure (P<O.OOO I) decreased
significantly. The mean bladder compliance had increased
significantly (P<0.0001) by the first follow-up examination
and nonsignificantly by the time of the second follow-up. No
injection-related complications or toxin-related side effects
were reported. The patients considerably reduced their
intake or even stopped taking anticholinergic drugs and
were satisfied with the treatment.

A subsequent placebo-controlled study has investigated
the safety and efficacyof each of two doses of Botox (200 or
300 U) injected into the detrusor for urinary incontinence
caused by neurogenic detrusor overactivity of predomi
nantly spinal cord origin." There were significant post
treatment decreases in incontinence episodes from baseline
in the two Botox groups (P<j=0.05) but not in the placebo
group. In addition, more patients who received Botox
reported no incontinence episodes during at least one
posttreatment evaluation period. Positive treatment effects
were also reflected by significant improvements in bladder
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and patient quality of life. Benefits were observed from the
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safety concerns were raised. These authors were able to
conclude that intramuscular injections of botulinum toxin A
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Catherine E DuBeau

Functional and Overflow
Incontinence

INTRODUCTION
This chapter covers two types of urinary incontinence (VI)
which, although less common than urge, stress, or mixed VI
in women, have significance for several special populations.
Functional VI is an extremely important problem in disabled
and older persons. Overflow VI, which occurs in the setting
of a weakened detrusor and/or functional or mechanical
bladder outlet obstruction, may occur in women following
antiincontinence and other surgery, with marked pelvic
organ prolapse, in a small but real number postpartum, with
neurologic conditions, and in special subsets of younger
women.

FUNCTIONAL INCONTINENCE
Definition. Originally, the term "functional VI" referred
to the inability to reach a toilet in time to avoid an
"accident" (leakage) due to musculoskeletal or psychologic
problems, as distinct from "iatrogenic VI" due to medica
tions. Such problems could act synergistically with preexist
ing lower urinary tract (LVT) dysfunction. This definition
was modified with the introduction of the term "transient
incontinence" for VI related to reversible conditions. The
mnemonic DIAPPERS recalls the causes of transient VI:
delirium, infection, atrophic vaginitis/urethritis, pharma
ceuticals, psychologic, endocrine (later, excessive urine
output), restricted mobility, and stool impaction.' The term
"transient," however, could lead to the impression that VI
was of recent onset or short-lived, although this was not
intended.' Others differentiated "acute VI" (sudden onset,
usually related to an acute problem or iatrogenic illness),
"VI associated with reversible conditions" (e.g. medications,
medical illnesses, and mobility problems), and "functional
VI" (associated with the inability or lack of motivation to
reach a toilet on time). The Agency for Healthcare Policy
and Research (AHCPR) Consensus Guideline Panel defined
functional VI as that caused or exacerbated by factors
outside the lower urinary tract such as impaired cognition
and functional abilities (e.g. rnobiliryj/
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None of the above terms, however, has been codified

by the International Continence Society,' This situation led
the Frail Elderly Committee of the Third International
Consultation on Incontinence to use the phrase "VI caused
by or contributed to by treatable, potentially reversible
conditions'" to capture all the elements of "functional" and
"transient" VI. This will be the definition used in this
chapter. Importantly, this definition implies that functional
VI is not an "either/or" classification. In many older persons,
VI caused or exacerbated by other conditions coexists with
urge, stress, and mixed VI.

Regardless of the terminology used, the concept of VI
associated with medical conditions, limited mobility, and
medications originates in the recognition that continence
does not depend solely on LVT function. Continence
requires physical function (mobility to reach a toilet, manual
dexterity to remove clothing); mental function (cognition
and attention sufficient to recognize bladder filling and find
a toilet, and the motivation to stay dry); environmental
factors (easy access to toilets); and absence of conditions
that alter fluid balance (e.g. congestive heart failure, pedal
edema) or any of the above functions. Such factors are most
relevant in older persons, although they may affect some
younger persons (e.g. toilet access in public places,
functional limitations in persons with disability).

Epidemiology. Few studies have examined the population
based prevalence of functional VI. One older clinical study
estimated the prevalence of VI associated with confusion,
medical, and functional factors to be 5.7% in community
dwelling persons over age 65; however, ascertainment
bias was likely because the rate of urge VI was only 5%.5
In a small series from a geriatric VI clinic, after clinical
evaluation 2% (1/45) were thought to have functional VI,
using the AHCPR definition.' The difficulty with such
studies is the presumption that functional VI is a unique
entity. In many older women, functional precipitants
coexist with other types of VI and lower urinary tract
dysfunction. 8&
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Tablal1 Quick office-based evaluation of functional dependence

Tool Dom.ln Methods

Timed Up and Go Lower extremity Time in seconds it takes for a patient to
test62 impairment rise from a chair, walk 3 meters, turn

around and sit again in the chair. Time
<20 s: no impairment, 21-29 s: possible
impairment; <!30 s: definite impairment

Arm strength Upper extremity Motor strength testing of shoulder,
impairment elbow, and wrist extensors and flexors

Geriatric Depression 15·item test; scores 5 or greater suggest
Depression Scale, depression; available online63

short form
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Treatable and potentially reversible conditions
contributing to UI
Impaired mobility and functional status. Poor mobil
ity is one of the major correlates of VI in older persons," One
typical study found that in community-dwelling women
with poor mobility, the odds ratio for VI in those aged 60--84
years was 2.50(95% CI 1.10--5.68), and in those aged 85 and
over it was 7.01 (95% CI 2.57-19.17).7 Among persons
receiving home care, VI was strongly related to physical
restraints and environmental barriers, with odds ratios of
3.20and 1.53, respectively," Nursing home residents with VI
have significantly greater functional impairments related to
toileting than continent residents," Functional dependence
and VI share similar predisposing factors, including upper
and lower extremity impairment, sensory impairment, and
anxiety/ depression.!" This makes the evaluation of func
tional impairment in incontinent older persons especially
important, because addressing predisposing factors may ame
liorate both syndromes. Even seemingly "intractable" VI in
severely disabled persons is amenable to interventions that
can improve the patient's voiding and/or quality of Iife."

Environmental restrictions, ranging from distant bath
room locations to physical restraints and difficulty removing
clothing, should not be overlooked. Even when the under
lying cause of restricted mobility cannot be reversed, use of
aids such as urinals, bedside commodes or clothing that is
easier to remove may improve or resolve VI. There are now
web-based resources to help patients locate public toilets.V

A functional evaluation can be done quickly in office
settings using short, simple geriatric assessment tools
(Table 7.1). Patients with possible or definite impairment
should be referred to their primary care physicians or a
geriatrician for further evaluation and treatment of the many
potentially remediable causes of mobility impairment in
older persons (Box 7.1).

Cognitive impairment. The association between cogni
tive impairment and VI is complex. Certainly, dementing

Box 7.1 Potentially remediable causes of impaired
mobility

Physical deconditioning

Arthritis

Postural or postprandial hypotension

Peripheral arteriovascular disease with claudication

Spinal stenosis

Cardiac or pulmonary disease with poor stamina

Poor eyesight

Fear of falling

Stroke

Foot and footwear problems

Drug-induced disequilibrium

Vitamin 812 deficiency

Vestibular disease

Parkinson-type diseases

illnesses frequently affect areas of the cortex important
for continence and urine withholding, such as the frontal
cortex.l! However, careful studies of persons with dementia
and VI demonstrate that mobility is a stronger correlate of
VI than the level of cognitive impairment." Even in severely
demented persons, continence or reduced level of VI may be
possible if they can say their name and transfer with assis
ranee." Delirium is another type of cognitive impairment,
which differs from dementia in that it has an abrupt onset,
the symptoms may wax and wane over short periods of time,
attention is affected more than memory, and it is precipi
tated by illness and medications. In delirious patients VI is
an epiphenomenon that will resolve once the underlying
cause(s) of the confusion are identified and treated.

Urinary tract infection. Urinary tract infections (VTIs)
can precipitate VI, presumably through local detrusor and



proximal urethral irritation. The diagnosis of VTI in older
women, however, is complicated by the high prevalence of
asymptomatic bacteriuria, which has not been correlated
with VI. Diagnosis should be individualized and clinical, not
based solely on urinalysis and culture. Dipstick analysis of
leukocyte esterase and nitrite is sensitive but not specific; if
negative, a VTI can be safely excluded." Suggested diag
nostic criteria for women are>10 WBC/Jll and 104 cfu/ml."
Symptoms such as dysuria, pain, new/worsening VI, hema
turia, suprapubic discomfort, costovertebral angle tender
ness, and fever should be factored in.' 7 Because VTI may
present with VI, many experts agree that a trial of antibiotics
is warranted if bacteriuria, pyuria, and leukocyte esterase
and nitrite are found on the initial evaluation of an incon
tinent but otherwise asymptomatic woman.' The effect of
treatment on VI should be monitored and recorded to guide
future management.

Medications. Any agent that impairs cognition, mobility,
fluid balance, bladder contractility or sphincter function or
causes coughing can affect continence (Table 7.2). Many
medications may impair several of these functions, e.g. the
antipsychotic haloperidol can produce confusion, have
extrapyramidal side effects (EPS) making ambulation

FUNCTIONAL INCONTINENCE I
difficult, and, via its anticholinergic action, impair detrusor
contraction and cause stool impaction. At the same time, if a
woman with VI who is taking haloperidol has no EPS, a
stable gait, no constipation, and a normal PVR, the drug is
unlikely to be affecting her continence. The evaluation of
all older persons with VI should include a review of all
prescribed and over-the-counter medications. Whenever
possible, medications which could be exacerbating VI
should be decreased or eliminated before adding antiincon
tinence medication (the principle of "subtract before
adding").

Medical conditions. The common medical conditions
that may cause or exacerbate VI are listed in Table 7.3.
Older women in particular may have several of these condi
tions. The relationship between the presence of a condition
and an individual's VI is not absolute. For instance, the pres
ence of dementia may not have any connection with an
individual's VI (see above); nocturnal VI should not be
ascribed to LVT causes unless sleep disturbance and noc
turnal polyuria are excluded or treated. In all clinical
settings, identification of these factors is important because
many are readily treatable or remediable, and they
contribute to morbidity beyond incontinence.

~. __ ._---

Table 7.2 Medications potentially impairing continence in older women !

DI\I9 Mechanism(s)
I
I

Anticholinergics Impaired detrusor contractility, retention, delirium,
constipation/fecal impaction

Loop diuretics Rapid diuresis, polyuria, frequency, urgency

Antipsychotics (including Anticholinergic actions, sedation, impaired mobility,
atypical agents) rigidity, constipation/fecal impaction

Sedative/hypnotics Sedation, disorientation, delirium, impaired
mobility, sleep alteration

Narcotic analgesics Impaired detrusor contractility, retention, delirium,
constipation/fecal impaction

a-adrenergic blockers Stress incontinence

Calcium channel blockers Impaired detrusor contractility, retention

ACE inhibitors Stress incontinence from cough

Alcohol Rapid diuresis, frequency, urgency, sedation,
delirium, immobility

Gabapentin Nocturnal polyuria from pedal edema

Thiazolidinediones Nocturnal polyuria from pedal edema

Nonsteroidal antiinflammatory Nocturnal polyuria from pedal edema; may impair
agents detrusor contractility

Cholinesterase inhibitors Possible interference with antimuscarinic treatment 87
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Table 7.3 Medical conditions associated with urinary incontinence

Condition Mechanism Comments

Neurologic disease

Cerebrovascular disease; stroke DO from damage to cerebral inhibitory UI should be temporally related to the stroke

I
centers; impaired sensation to void from
interruption of subcortical pathways;
impaired function and cognition I

I
- I

Delirium Impaired function and cognition Evaluate and treat causes of delirium
I

Dementia DO from damage to cerebral inhibitory Mobility more important factor than degree of
centers; impaired function and cognition cognitive impairment

----- - - - ------

Multiple sclerosis DO, areflexia or sphincter dyssynergia Should have high suspicion in young women
(dependent on level of spinal cord who present with abrupt UI or retention

Iinvolvement)
i

------------ ---------------- -- ~----- j
Multisystem atrophy Detrusor and sphincter areflexia from Occurs in persons with Parkinson's disease and--1

damage to spinal intermediolateral tracts Parkinson-like syndromes
- --- . --- - --- ----- - ----------------- -- ".---- ---- ---~.

Normal-pressure hydrocephalus DO from compression of frontal inhibitory UI usually later symptom; may not respond to I

centers; impaired function and cognition shunting i------- -_ .. - ------------- ----

Parkinson's disease DO from loss of inhibitory inputs to pontine Effect of dopaminergic agents on voiding I
i

micturition center; impaired function and symptoms uncertain
Icognition; retention and overflow from

constipation I

-- ---------i
Spinal cord injury DO, areflexia or sphincter dyssynergia Specialist management essential I

(dependent on level of injury) I
f--------- - -.- - - -- --- -------- - - .- . ------------ 1Spinal stenosis DO from damage to detrusor upper motor Case reports of resolution of urinary symptoms

neurons (cervical stenosis); DO or areflexia after laminectomy I

(lumbar stenosis)
I

Metabolic disease

Diabetes mellitus

Hypercalcemia

Vitamin 812 deficiency

Infectious disease

Herpes zoster

Detrusor underactivity due to neuropathy,
DO, osmotic diuresis with polyuria; altered
mental status from hyper- or hypoglycemia;
retention and overflow from constipation

Polyuria; altered mental status

Impaired bladder sensation and detrusor
underactivity from peripheral neuropathy

Urinary retention if sacral dermatomes
involved; outlet obstruction from viral
prostatitis in men; retention and overflow
UI from constipation

Multifactoral multidisciplinary management
important

Evaluate underlying cause of hypercalcemia

Consider in elderly persons with elevated PVR;
deficiency may be present without anemia or
other neurologic signs

~---------------------------------------------------

Human immunodeficiency virus DO, areflexia or sphincter dyssynergia Anti-HIV medications may also playa role
---- ---- - ----- - ---------- - -

Neurosyphilis DO, areflexia or sphincter dyssynergia Diagnosis by positive RPR or FTAA8S and
positive CSFVORL

Tuberculosis Inanition and functional impairments Sterile pyuria found in ~50% of genitourinary
tuberculosis cases

68

Key: DO=detrusor overactivity;TB=tuberculosis; UI=urinary incontinence, FTAABS=fluorescent treponemal antibody absorption
Adapted from DuBeau CEo Interpreting the effect of common medical conditions on voiding dysfunction in the elderly. Urol Clin North Am
1996;23(1): 11-18
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Table 7.3 Medical conditions associated with urinary Incontlnence-cont'd

Condition Mechanism Comments

Psychiatric disease

Affective and anxiety disorders Decreased motivation Should be diagnosis of exclusion

Alcoholism Functional and cognitive impairment; rapid Long-term effects of alcohol on detrusor function
diuresis and retention in acute intoxication uncertain

Psychosis Functional and cognitive impairment; Should be diagnosis of exclusion
decreased motivation

cardiovascular disease

Arteriovascular disease Detrusor underactivity or areflexia from Consider in patients with widespread vascular
ischemic myopathy or neuropathy disease

Congestive heart failure Nocturnal polyuria, impaired mobility from
decreased stamina

Other organ system diseases

Gastrointestinal disease Overflow UI from constipation Address underlying cause of constipation

Muscu loskeletal disease Mobility impairment; DO from cervical Multifactoral multidisciplinary management
myelopathy in rheumatoid arthritis and important
osteoarthritis

Peripheral venous insufficiency Nocturnal polyuria Treat underlying cause; use support stockings;
elevation and attention to sodium intake
important

Pulmonary disease Exacerbation of UI by chronic cough and/or
smoking; nocturnal polyuria from
obstructive sleep apnea

The relationship between atrophic vaginitis and urethri
tis, often considered in postmenopausal women, is discussed
in Chapter 25.

OVERFLOW INCONTINENCE AND URINARY
RETENTION
Voiding dysfunction and urinary retention are relatively
uncommon in women of all ages. Estimates of symptomatic
obstruction in women presenting with lower urinary tract
symptoms (LUTS) range from 2% to 25%,18 with 2.7-23%
having urodynamic outflow obstruction." Among frail
elderly women with incontinence, the prevalence of urody
namic underactive detrusor was nearly 60%, with under
activedetrusor or outlet obstruction being the primary cause
ofUIin 12%.20

Definitions
The International Continence Society (ICS) has moved
awayfrom the term "overflow incontinence" because it lacks
a convincing definition.' In this chapter, the following
definitions will be used:

• Overflow incontinence. leakage associated with either
chronic or acute urinary retention. Types of
overflow incontinence will be characterized by the
associated pathophysiology, when known (e.g.
postpartum retention).

• Dysfunctional voiding, characterized by an intermittent
and/or fluctuating flow rate due to involuntary
intermittent contractions of the periurethral striated
muscle during voiding in neurologically normal
individuals.'

• Chronic urinary mention; voiding difficulty with
nonpainful bladder, which remains palpable or
percussable after the patient has passed urine, and a
significant postvoiding residual urine volume
(generally >300 mI3

) .

• Acute mention ofurine. generally, a painful,
palpable or percussable bladder, in a patient who
is unable to pass any urine. Pain may not be a
presenting feature in circumstances where sensory
afferents may be impaired (e.g. herniated
intervertebral disc, postpartum, after epidural
anesthesia).' The retention volume should be
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significantly greater than the expected normal
bladder capacity.'

There may be complete, partial or no overlap between these
conditions. Not every patient with retention will have
overflow UI, and patients with chronic urinary retention
may have started with an episode of acute retention. The
"cut-off" value of 300 ml as a "significant residual" is based
on expert opinion, and may not apply well in individual
patients (especially older women, because of smaller normal
bladder capacity, and any person taking medications that
impair detrusor contractility).

Pathophysiology of urinary retention. Urinary
retention is the result of impaired detrusor contractility,
bladder outlet and/or urethral obstruction to voiding, or a
combination of the two.

Impaired detrusor contractility. Detrusor contractility
can be affected by intrinsic myogenic damage to detrusor
smooth muscle; neurogenic damage; extrinsic factors that
impair muscle or nerve function (e.g. medication and
anesthesia (see Table 7.2); and anatomic changes to the
bladder wall that decrease the efficiency of smooth muscle
contraction (e.g. increased connective tissue). In many cases,
the causes are likely multiple, reflecting common or inter
secting pathways of injury. For instance, arterial insufficiency
(from arteriosclerosis, hypotension, low oxygen states) can
cause ischernic-reperfusion injury with patchy denervation,
fibrosis, and impaired smooth muscle function." Loss of
trophic nerve inputs can lead to smooth muscle
degeneration.

Advanced age is associated with impaired detrusor con
tractiliry," Understanding age-related changes in the
bladder is complicated by a paucity of longitudinal data,
variable definitions of "normal," and use of potentially
biased (and symptomatic) referral populations. It is difficult
to sort out the role of aging, decreased blood flow, poor
voiding habits, comorbidity, and central and peripheral
nervous system innervation and reflex patterns as deter
minants of bladder function in older women." The research
focus has been urodynamic function, neurohumoral respon
siveness of detrusor smooth muscle, and ultrastructure.
However, while the key role of the urothelium and afferent
systems on micturition is increasingly appreciated, there are
extremely scant human data on urothelial changes with age.

Age-related impaired contractility is associated with lower
urine flow rates and a small increase (generally <50 rnl)
in postvoiding residual volume (PVR). Frail older persons
may have a combination of poor contractility and detrusor
overactivity, a condition termed detrusor hyperactivity with
impaired contractility (DHIC).23 In DHIC, the bladder
contraction does not empty the bladder fully, leaving a high

PVR (which otherwise is not explained by outlet obstruc
tion). DHIC symptoms include leakage with urgency and
increased abdominal pressure, dribbling, frequency, and
nocturia, similar to other LUT conditions such as stress
UI and obstruction, for which DHIC can be mistaken.
Antimuscarinics are not contraindicated to treat urge
symptoms in DHIC, but PVR and symptoms should be
carefully monitored.

Urethral causes. Potential urethral factors in retention
are urethral obstruction/compression (mechanical obstruc
tion) and urethral/pelvic floor overactivity (functional
obstruction). The most common types of mechanical
obstruction are scarring from previous antiincontinence
surgery and severe pelvic organ prolapse. Functional
obstruction may result to detrusor-sphincter dyssynergia
(from spinal cord injury or insult) or hyperactivity of the
urethral striated sphincter.

Central causes. Successful micturition has been asso
ciated with increased blood flow to the right inferior frontal
gyrus13 and therefore damage to this area or its blood flow
could potentially impair voiding. Ventrolateral areas of the
pons are activated in patients who are unable to void on
command. These areas are thought to project to Onuf's
nucleus in the anterior roots of the sacral cord, which is the
motor nucleus for the urethral sphincter," The role of
Onuf's nucleus in urethral closure is highlighted by duloxe
tine, a novel serotonin and norepinephrine reuptake inhibitor
which is proposed to decrease stress UI by its action in
Onuf's nucleus to facilitate urethral sphincter closure"

Urodynamic diagnosis of obstructed voiding
in women. Although well standardized for men, the
urodynamic diagnosis of obstruction in women as yet lacks
consensus. There is little work validating in women the
male obstruction nomograms, which typically incorporate
maximum detrusor pressure at maximum flow (Pdet.Qmax)
and maximum urine flow rate (Qmax) from simultaneous
pressure-flow studies (e.g, the ICS nomogram"). Some have
suggested that these nomograms cannot be extrapolated to
women who have lower voiding Pdet than men."

Several groups have investigated alternative definitions
and nomograms. Klijer et aJ26 studied 57 women with LUTS,
of whom 38% had low Qmax «10th centile on the
Liverpool nomogram"), Of these, 53% were classified as
obstructed on pressure-flow study (Pdet >40 cmH20 and
Qmax <15 rnl/s) and 89% by voiding cystourethrography
(VCUG). The high prevalence of obstruction was not
explained but could be due to poor standardization of
VCUG. Chassagne et at28 compared urodynamic parameters
in 135 women with stress UI and 35 with "clinical obstruc
tion" (based on symptoms, exam, and pertinent surgical



history). They found Qmax ~IO rnl/s with Pdet.Qmax
> I0 cmH20 had 69% sensitivity and 94% specificity
for obstruction, and Qmax ~15 rnl/s with Pdet.Qmax
>15 cmH20 had 80% sensitivity and 83% specificity.
Lemack and Zimmerrr" found that Qmax ~II rnl/s and
Pdet.Qmax ~21 cmH 20 had 91.5% sensitivity and 73.6%
specificity. They applied these criteria to 108 consecutive
women referred for LUTS and found that 20% (n=21) were
obstructed (including six with perirurethral fibrosis, four
with prolapse, three with previous antiincontinence surgery,
and one with idiopathic incomplete retention). However,
five "obstructed" women had only detrusor overactivity. One
explanation may be that the derivation control group had
very low Pdet because of concomitant stress UI.29

In a retrospective urodynamic study, Blaivas and Groutz'"
defined a population of obstructed women using:

• free Qmax (uninstrumented flow study) ~12 ml/s
combined with a sustained detrusor contraction and a
Pdet.Qmax ~20 cmH20

• radiographic evidence of obstruction in the presence
of a sustained detrusor contraction ~20 cmH 20 and
poor Qmax, regardless of free Qmax, andlor

• inability to void with a 7F transurethral catheter in
place despite a sustained detrusor contraction of at
least 20 cmH 2o.

They constructed a nomogram based on a plot of free
Qmax versus Pdet.max (maximum Pdet during voiding).
Severe obstruction was defined by Pdet.max > 107 cmH20
and moderate obstruction by Pdet.max between 57 and
107 cmH 20 ; mild obstruction (Pdet.max <57cmH20 ) was
differentiated from no obstruction by the line of slope 1.0
running from the point (Pdet.max=7 and Qmax=O) to the
point (Pdet.max=57 and Qmax=50 rnl/s). Compared with
their a priori criteria for obstruction, the nomogram was
100% sensitive and 80% specific.

Other proposed urodynamic definitions of outlet obstruc
tion in women include the area under the curve of detrusor
pressure during voiding" and relative bladder outlet resist
ance," both of which await further validation as urodynamic
parameters.

Specific syndromes of voiding dysfunction
in women
Acute retention. Persons with acute retention present
with a relatively sudden inability to pass urine and a painful,
palpable or percussable bladder. Pain may be absent if
sensory afferents are impaired (e.g. with diabetes or
herniated disc). Women are less affected than men, with an
estimated ratio of 1:13.32 The causes of acute retention fall
into three general categoriesr': events or factors that increase
outflow resistance (mechanical or dynamic); interruption

OVERFLOW INCONTINENCE AND URINARY RETENTION

of detrusor sensory afferents or motor efferents; and
medication-associated bladder overdistension (e.g. opioids,
anticholinergics, anesthetics). The literature is replete with
case reports of unusual precipitants, such as giant urethral
calculus and urethral leiomyoma." Despite Fowler's work
described below, recent reviews still cite psychogenic causes
in women."

Acute retention should be managed with an indwelling
catheter and evaluation and management of possible precip
itant and contributory factors, followed by a voiding trial
after about one week (perhaps longer for retention volumes
over I liter)." If the voiding trial fails, then further urody
namic investigation is needed (including sphincter EMG). If
prolonged catheterization is necessary, suprapubic catheter
ization should be considered because of its lower risk of
catheter-associated infection" and urethral trauma.

Postoperative urinary retention. The literature on
postoperative voiding problems and retention in women is
complicated by the lack of uniform clinical and urodynamic
definitions; variability in surgical techniques, anesthesia, and
postoperative pain control; small study sizes; contradictory
results; and a paucity of multicenter studies. While many
basic questions remain unanswered, several general prin
ciples regarding risk factors, pathophysiology, and treatment
can be stated.

Preoperative factors associated with voiding difficulty
and retention include: preexisting voiding dysfunction (such
as low flow rate);" urodynamic factors (elevated PVR, J7low
voiding Pdet," impaired isometric rise in Pdet and Valsalva
voiding''"), advanced age;40 and previous postpartum
retention or voiding difficulry.'" Operative factors include
total anesthetic dose" and longer operative time.40 Use of
shorter acting anesthetic agents has meant that retention is
less likely to be precipitated by neuroaxial blockade or
general anesthesia." The suggested role of intraoperative
fluid volume in causing bladder distension has been
contradicted by others," with the exception of high-risk
patients with a history of retention."

Postoperative patient-controlled analgesia is significantly
associated with retention, even after adjustment for type
of agent, dose, and age." Data regarding lower retention
rates after herniorrhaphy with local anesthesia" suggest that
lower abdominal pain may contribute to inability to void,
although the mechanism is uncertain." The theory that
postoperative pelvic and perineal pain causes reflex sympa
thetic stimulation of the urethral smooth muscle is belied by
the generally poor results in trials of pre- and postoperative
a-adrenergic blockade."

Voiding dysfunction after stress UI surgery has been
estimated to be as high as 35%. For example, voiding dys
function after colposuspension has been reported to have a
mean rate of 12.5% (range 3-32%), with a mean duration of 71
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catheterization of 6-15 days." Postoperative factors con
tributing to retention may include failure of the sphincter
to relax, edema surrounding the vesical neck and urethra,
pelvic floor spasm, and obstruction from bladder neck
elevation.f Age, higher preoperative urethral resistance
(Pdet.Qmax/Qmax"), straining during voiding, and MRI
evidence of greater bladder neck elevation and urethral
compression (but not urodynamic measures of contractility)
have been associated with the number of days of voiding
dysfunction following colposuspension." PVR volume was
the sole predictor of voiding difficulty following cadaveric
sling," and low Qmax was predictive after tension-free vaginal
tape." A provocative small study (n=lO) used concentric
needle EMG studies in women with voiding difficulty fol
lowing sling and colposuspension procedures. They found
persistent urethral activity by EMG during voiding,"
suggesting that failure of sphincter relaxation contributes to
postoperative voiding difficulty.

Treatment of postoperative retention begins with catheter
decompression and management of contributory factors,
such as constipation. If these measures fail, then intermittent
catheterization and/or surgical repair (urethrolysis, sling
release) are recommended. The cholinergic agent bethanecol
is not effective." The use of botulinum toxin injection into
the urethral sphincter for retention after antiincontinence
surgery is under investigation."

Postpartum retention. Depending on the definition, the
rate of postpartum retention ranges from 7% to 17.9%.49
Higher rates generally come from reports with vague
definitions of retention ("voiding dysfunction") or which
studied only a brief postpartum period. For example, in
a review of 19 RCTs of epidural analgesia in labor and
delivery, three studies were identified that addressed
"impaired voiding," with respective incidence rates of
0-35%, 62- 68%, and 28-61 %.50 In other studies rates are
much lower: in a large unselected series of 8402 parrurients,
0.05% were unable to void until the third postpartum
day," and in a retrospective analysis of 11,332 deliveries,
immediate retention occurred in 0.45%, 26% of whom were
still in retention more than 72 hours postpartum." A 4-year
follow-up study found no difference in urinary symptoms,
UI or fecal incontinence between women who had a
postpartum PVR > 150 ml and those who did not. 52 Factors
associated with postpartum retention and voiding difficulties
include physiologic changes of pregnancy, regional anes
thesia, prolonged labor, instrument-assisted vaginal delivery,
cesarean delivery, perineal trauma, episiotomy, and primi
parity.49,53,54 Studies of prophylactic interventions have not
been done.

Retention from pelvic organ prolapse. Urinary
retention may be a symptom of pelvic organ prolapse (POP).

In severe cases of POP, ureteral obstruction may occur as
well." Prevalence rates are difficult to estimate because of
variable urodynamic definitions of obstruction and the use
of referral populations. In one series of women referred for
POP, 72% with grade 34 cystocele were obstructed, and
obstruction correlated with cystocele grade but not detrusor
contractility.56 In another referral series, 30% of women
with POP had PVR > 100 ml, and they had lower Qmax
and higher PVR than women with UI without POP.57 Low
Qmax (11 ml/s) and high Pdet.Qmax (50 cmH20 ) have been
observed in women with severe posthysterectomy vault
prolapse." Unlike retention, other voiding difficulty symp
toms are only weakly associated with prolapse severity. 59

Surgical and pessary treatment to reduce the prolapse in
women with retention can be complicated by "unmasking"
of stress and urge UI.56

"Idiopathic" retention in young women (Fowler's
syndrome). For many years, young women who presented
with otherwise unexplained retention were thought to have
a primary psychiatric disorder. However, in 1988 Fowler
proposed that the cause was increased urethral striated
sphincter activity'" She also observed that many of these
women had features of polycystic ovary syndrome, raising
the possibility of an underlying hormonal etiology. Onset
is typically between the ages of 15 and 39 (mean 28 years),
and is preceded by a potentially "contributory" event
(predominantly gynecologic procedures and childbirth) in
nearly two-thirds. Presentation is generally with a bladder
volume greater than 1 liter and there may be preexisting
symptoms of interrupted urine stream.

The specific EMG abnormality in this syndrome has
two components: complex repetitive discharges (CRDs) and
decelerating bursts (DBs) (the latter described as sounding
like "whale songs")." The CRD activity is thought to be due
to ephaptic (cell to cell) transmission between muscle fibers.
The excessive excitability of the muscle membranes is pro
posed to be similar to that seen in myotonic-like disorders
associated with channelopathies. The EMG abnormalities
have been associated with maximal urethral sphincter vol
ume on transvaginal ultrasound (2.29+ 1.62 vs 1.62+.32 cm',
P<O.OOI), suggesting work hypertrophy effects. Retention
presumably results from the urethral hyperactivity but
functional inhibition of the micturition reflex by proprio
ceptive afferents in the proximal urethra is another
possibility. Sacral neuromodulation is effective for restoring
voiding in these patients."

"Spurious" retention. An incorrect diagnosis of urinary
retention may be made if ultrasound determination of an
elevated PVR is not confirmed by catheterization. Pelvic
masses and cysts are usually responsible for such spuriously
high ultrasound PVRS.61



SUMMARY
Potentially reversible and treatable conditions may con
tribute to the development or worsening of incontinence in
women of all ages, and play an especially significant role in
older and frail women. While these contributory factors
are rarely the sole cause of incontinence, failure to address
them may decrease the effectiveness of other VI treatment.
Therefore, knowledge of these factors is imperative for all
providers caring for women with VI. Ouick assessment of
functional dependence is possible even in specialist office
settings. Management of these factors, especially those
involving medical conditions and medication adjustment,
often may require multidisciplinary coordination between
specialists and primary care providers.
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Pathophysiology of Anal
Incontinence
Christine Norton

INTRODUCTION
Bowel continence involves many different factors, many of
which are as yet imperfectly understood.' Often there is not
a single "cause" for an individual patient's symptoms. For
many people the cause of incontinence will be an interaction
of colonic motility (propulsive forces), rectal sensation and
compliance, anal sphincter function, stool consistency, cogni
tive and physical abilities to respond appropriately, and a
physical and social environment conducive to continence.
"Continence" implies an individual's ability to comply with
a society's arbitrary rules for acceptable toilet-related
behavior, and as such is both a neuromuscular and social
skill/ Onset of symptoms is often gradual, with a thin line
dividing, for example, urgency and frank incontinence: it is
therefore necessary to determine not only the history of the
symptoms but also the trigger for presentation for healthcare
at a particular point in time. It is important to understand
the combination of factors which apply for each individual
in order to plan an effective intervention. This chapter will
review the most usual causes. A summary of common causes
is given in Table 8.1.3

The causes discussed in this chapter are by no means
mutually exclusive and for many people these conditions
coexist, with the combination precipitating frank fecal
incontinence. For example, a woman might sustain some
insult to the anal sphincter during childbirth but be conti
nent until she also develops irritable bowel syndrome, has
anal surgery or passes the menopause. Or sphincter weak
ness from obstetric causes may be compounded by years of
straining due to an evacuation difficulty, by repeated heavy
lifting or by obesity. The person with minor symptoms may
become incontinent when a medication makes the stool
looser or peripheral neuropathy secondary to diabetes
mellitus blunts rectal and anal sensation.

There are several different ways of classifying fecal incon
tinence, with no universally accepted definitions as yet. For
example, some authors have classified it according to the

CHAPTER
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Table 8.1 Common causes of fecal incontinence in
adults

Primary problem Common causes

1. Anal sphincter or Obstetric trauma
pelvic floor damage Iatrogenic (e.g. hemorrhoidectomy,

anal stretch, lateral sphincterotomy)
Idiopathic degeneration
Direct trauma or injury
(e.g. impalement)
Congenital anomaly

2. Gut motility/stool Infection
consistency Inflammatory bowel disease

Irritable bowel syndrome
Pelvic irradiation
Diet
Emotions/anxiety

3. Anorectal pathology Rectal prolapse
Anal or rectovaginal fistula
Hemorrhoids or skin tags

4. Neurologic disease Spinal cord injury
Multiple sclerosis
Spina bifida, sacral agenesis

5. Secondary to Alzheimer's disease or
degenerative environmental (see below)
neurological
disease

6. Impaction with Institutionalized or immobile elderly
overflow -spurious people
diarrhea- Severe constipation in children

1 -Lifestyle- and Poor toilet facilities
environmental Inadequate carelnonavailable

assistance
Drugs with gut side effects
Frailty and dependence
Chronic straining?
Obesity?

8. Idiopathic Unknown cause

Reproduced from reference 3. by permission.
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consistency of the incontinence (solid, liquid or gas)," Others
have emphasized the difference between urge and passive
stool IOSS.5

DEFINITIONS
There is no universally recognized definition of anal or fecal
incontinence. An international committee has proposed the
following,"

• Anal incontinence (AI) is the involuntary loss of
flatus, liquid or solid stool that is a social or hygienic
problem.

• Fecal incontinence (FI) is the involuntary loss of liquid
or solid stool that is a social or hygienic problem.

There is no agreement as to the frequency, volume or impact
on the patient that should constitute a clinical problem.

OVERLAP WITH URINARY SYMPTOMS
Increasingly, the pelvic floor and its associated nerves and
structures are being seen as a whole and the relationship
between symptoms and the interrelatedness of interventions
is being appreciated. Anal incontinence is common and
underreported in women with urinary incontinence, with
approximately one-quarter of urinary incontinent patients
admitting Al.' Conversely, over 50% of women presenting
with FI also admit urinary leakage (Norton, unpublished
data)." There is a known association between urinary and
fecal incontinence from many epidemiologic studies"!' but
whether there is a common neuromuscular or functional
cause has yet to be determined. Women with coexisting
urinary and fecal incontinence are more likely to have a
urodynamic diagnosis of detrusor instability than genuine
stress incontinence, suggesting possible neurologic, motility
or anxiety disorders may be the common link rather than
the pelvic floor.' There is an association between idiopathic
detrusor instability and the irritable bowel syndrome.'? Other
studies have found that 28% of women investigated for stress
urinary incontinence have anal incontinence (only 1% for
solid stool)!' and 21% of consecutive urogynecology refer
rals had some fecal incontinence.l" Both of these studies
found an association with constipation. This symptom seems
to be rarely spontaneously volunteered 15 and urologists and
urogynecologists probably should be encouraged to inquire
routinely.

ANAL SPHINCTER OR PELVIC FLOOR DAMAGE
As outlined in Chapter 3, there are two sphincters involved
in maintaining fecal continence: the smooth muscle internal
sphincter is largely responsible for resting tone in the anus

and thus passive stool rerention;" the striated external
sphincter is responsible for voluntarily augmenting resting
tone with a squeeze to enable stool retention during an urge
to defecate.!" Either or both of these sphincters can sustain
damage or be weakened. Whether this actually leads to frank
incontinence will be partly dependent upon stool
consistency and gut motility. The role of the pelvic floor
in maintaining fecal continence and how weakness might
contribute to incontinence or a strong pelvic floor might
help to prevent leakage to compensate for anal sphincter
weakness remain to be defined.

Obstetric trauma to the anal sphincters. It is a
common assertion that obstetric trauma to the anal
sphincters is the most prevalent cause of fecal incontinence.
However, the consistent finding in major epidemiologic
studies of equal rates of FI in men as in women 18,19 must cast
doubt on this presumption.

Until the advent of the anal ultrasound, it was assumed
that the primary mechanism ofobstetric trauma was damage
to the pudendal nerve (often termed "neuropathic" or
"idiopathic" FI in the colorectal literature). Stretching of
this nerve during vaginal delivery was thought to lead to
some nonreversible damage, which could even be progres
sive over rime." Once anal ultrasound became available and
sphincter disruption could be easily visualized,":" trauma
was thought to be more directly mechanical muscle damage
and the term "neuropathic incontinence" fell out of favor.
The truth probably lies in varying combinations of muscle
and nerve damage.

Known risk factors for obstetric damage include first baby,
instrumental delivery (especially forceps), a large infant, an
abnormal presentation, and prolonged second stage of
labor.22

,23 Precipitate delivery may also be a factor. Midline
episiotomy is associated with increased risk of anal tear and
subsequent symptoms."

Third-degree tears occur in 1-2% of vaginal deliveries
and are associated with the same risk factors.25

-
27 Symptoms

of altered continence have been found in 30-80% of women
in the early years after repair of a recognized third-degree
tear. It is not known what happens to initially asymptomatic
women in the longer term. Clinically, many women present
in the fourth to sixth decade of life with symptoms of FI, a
history of difficult childbirth, and visible sphincter damage
on anal ultrasound. Training in recognition and repair is
improving and it is now generally accepted that this is a
specialized procedure that should be done by a senior
member of the obstetric team in an operating theater with
regional or general anesthesia. An overlapping, rather than
end-to-end repair may give better results.26

,28 Whether this
policy will lead in future to a reduction in the proportion of
women who experience symptoms of AI after repaired
third-degree tear remains to be seen.



Iatrogenic damage to the anal sphincters
Colorectal surgery. Hemorrhoidectomy has been found
to be associated with a variable rate of subsequent AI. One
report followed up 507 patients by postal questionnaire
on average 6 years after surgery. A total of 33% (139/507)
reported anal incontinence, including 72 who were incon
tinent of gas only, 56 who were incontinent to liquid feces,
and 11 who were incontinent to solid feces." Other reports
of surgical treatment for hemorrhoids list a lower incidence
of FI.30 Some patients are found to have clear disruption to
the internal anal sphincter on ultrasound examination. With
other patients there is no visible sphincter damage and it is
unclear if symptoms relate to altered sensation or to an
impaired mucosal seal as anal cushions are replaced with
scar tissue. It is not clear how far this relates to surgical
technique, and whether newer techniques such as stapled
hemorrhoidectomy are associated with fewer symptoms.
Banding and sclerotherapy for hemorrhoids seem to carry a
lower risk but are not appropriate for more advanced hemor
rhoids. The practice of anal stretch has fallen into disrepute
because of subsequent problems with fecal incontinence."

There is an increasing tendency to attempt to avoid
creation of a stoma when a patient needs all or part of the
large bowel removed. Resection of the rectum for rectal
cancer is often preferred by patients as an alternative to
living with a colostomy, but those with a low resection
may find continence compromised. Creation of a coloanal
pouch may be associated with lower incidence of FI
(estimated at 18%) according to some authors32

,33 but
others" reported a rate of 49% FI following coloanal anas
tomosis. The mechanism for this may be a combination of
reduced capacity, reduced rectal compliance and possibly
damage to the sensory and/or motor function of the anus
during resection.

Patients with disease which necessitates surgical removal
of the colon, such as severe ulcerative colitis or familial
adenomatous polyposis (FAP), often undergo anastomosis
of the small bowel to the rectum or anus (ileo-anal anas
tomosis), or fashioning of an ileo-anal internal pouch
("restorative procrocolectorny"). This usually results in fre
quent and fairly fluid bowel actions, possibly with urgency,
and some patients find their ability to control this unreliable.
Many also experience passive soiling, especially at night.
Postoperatively, 25-35% of these patients have daytime
FI35-38 and 32-52% have nocturnal FI,35,36 There is contro
versy as to whether better continence is achieved with
differing surgical techniques (e.g. stapling vs hand sewing
the anastomosis for an ileo-anal pouch).

Lateral sphincterotomy (deliberate division of the distal
internal anal sphincter) has long been a surgical option for a
nonhealing anal fissure in order to reduce anal pressures and
allow healing. Subsequent soiling and poor control of flatus
are common," especially in women who have a shorter

ANAL SPHINCTER OR PELVIC FLOOR DAMAGE I
internal anal sphincter and in whom the entire length of the
sphincter is often inadvertently divided. In a series of 585
patients with chronic anal fissures treated with sphinctero
tomy, 45% developed FI at some point in their recovery.
However, this tended to improve with time from surgery,
and at follow-up an average of 72 months after surgery, 11%
reported FI.40 Increased use of "chemical sphincterotomy"
(e.g. glycerin trinitrate (GTNt or diltiazem), with surgery
reserved for the most severe or resistant cases, may lead to
fewer future problems.

Radiation. Patients who have undergone radiotherapy
secondary to a pelvic malignancy (bowel, anus, uterus or
cervix) may have degeneration of the anal sphincters, espe
cially the internal anal sphincter. Symptoms may be exacer
bated if the radiation has also given rise to a radiation
proctitis with loose stool, reduced rectal capacity, and hyper
sensitivity of rectal mucosa. Modern radiotherapy tech
niques attempt to minimize accidental bowel damage but
some patients who had radiotherapy some decades ago can
experience severe persisting symptoms.v'"

Gynecological surgery. There is some evidence that
surgical solutions for one pelvic floor problem may unmask
another and cause it to become symptomatic, or even pos
sibly create new problems by distorting the pelvic anatomy
or disrupting the nerve supply. For example, repairing a
vaginal prolapse may unmask a tendency to urinary or fecal
incontinence as the prolapse was actually supporting a cys
tocele or rectocele. Colposuspension as a treatment for
urinary incontinence is known to create new symptoms of
prolapse in a proportion of patients. Repair of a rectocele
corrects the anatomic defect for three-quarters of women
undergoing posterior colporrhaphy but there is not a clear
relationship between anatomic defect and dysfunction.
Repair of a rectocele has been found to create de novo fecal
incontinence in 7% in one series, with some patients also
reporting new sexual dysfunction (9%), rectal evacuation
difficulties (11%), and poor control of flatus." Other authors
have reported new FI.45

Hysterectomy has been found in retrospective studies
to change bowel function," with over one-third of women
reporting newly decreased bowel frequency or difficulty
with evacuation. It is postulated that the associated factors
might include damage to the hypogastric nerve plexus
during surgery, hormonal changes or a common thread of
chronic abdominal discomfort and anxiety in polysyrnp
tornaric women. Only 59% of women report normal bowel
function prior to hysterectomy." It may be that the surgery
disrupts the pelvic nerve plexus and structural support
to the bladder. However, often the primary reason for
hysterectomy is pelvic floor dysfunction and so it may be a
symptom rather than a cause of the problem." 77
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Idiopathic degeneration of the anal sphincters.
It seems that sometimes the internal anal sphincter may
degenerate and become very thin, for reasons as yet
unknown." This thin atrophic sphincter often has a low
resting closure pressure and the patient complains of passive
seepage of stool. It is not known whether degeneration can
also affect the external anal sphincter, although clinically it
is often reported as appearing atrophic on anal ultrasound or
magnetic resonance imaging. It is not known if the mech
anism for this is neurologic, mechanical or a combination.

Direct trauma or injury to the anal sphincters.
There is some debate about the role of sexual use or abuse
of the anus as a cause of fecal incontinence. Some evidence
suggests that unwanted or forced anal sex can cause direct
anal sphincter injury'" but most people also have some
psychosocial problems after such an event, which could
contribute to symptoms." Consenting sexual use of the anus
may not be associated with symptoms.52

Direct trauma can occur as a result of road traffic or
impalement injuries. If damage is severe, it is usual to divert
the fecal stream into a stoma to allow healing of a sphincter
repair.

Congenital anomaly. Developmental abnormalities are
relatively common and can lead to a variety of presentations,
from a simple imperforate anus, where a membrane prevents
passage of meconium after birth, to an ectopic anus which
does not open through the sphincters, or an opening in the
perineum or vaginal (a cloaca). Most are picked up in child
hood but occasionally an adult will present with a previously
undiagnosed anomaly. Repair of congenital anomalies in
childhood does not always result in good conrinence'Y' and
many patients will experience psychosocial difficulties
related to FI ongoing into adult life.55

GUT MOTILITYISTOOl CONSISTENCY
Diarrhea or loose stool is much harder to control than
formed stool and there is a consistently reported association
between loose stools and FI in the general population56

,57

and in nursing home residents.58
,59 FI is more prevalent

in people with irritable bowel syndrorne'" and conditions
in which diarrhea predominares'<" than in the general
population. Excessive exercise can also precipitate diarrhea
associated FI.64 Volume, speed of transit, and consistency
interact to provide increased frequency and a sensation of
urgency which, if severe or no toilet is available, can
overwhelm even normal sphincters at times. It may also be
more difficult to distinguish loose stool from flatus, causing
either unnecessary toilet visits or accidents when stool is
passed with flatus.

Diarrhea itself has many possible causes, the more
common of which include infective gastroenteritis, inflam
matory bowel disease (ulcerative colitis and Crohn's
disease), irritable bowel syndrome (where it may alternate
with bouts of constipation), after surgery where a substantial
amount oflarge bowel has been removed (e.g. for carcinoma
or inflammatory bowel disease), after radiotherapy for any
pelvic tumor, and as a side effect of some drugs (notably
antibiotics). Some people develop diarrhea in response to
intolerance of an element in their diet (e.g. people with
celiac disease in response to gluten). Anxiety leads to fre
quent loose bowel actions for some people. Many people
with fecal incontinence clinically present with frequent
loose stools. It is often not clear if this is the "cause" of their
problem or a result of the anxiety created by this condition.
If the individual with diarrhea also has some sphincter
damage for any of the reasons outlined above, then control
can be very precarious.

ANORECTAL PATHOLOGY
There are many minor anal conditions, such as hemorrhoids
and skin tags, which can make anal cleaning difficult and
may lead to passive soiling with stool or mucus. There are
also some more major conditions, such as rectal prolapse and
anal fistula, which can impair continence."

NEUROLOGIC DISEASE
A more detailed discussion of this subject is given in two
reviews.66

,67 Over 60% of people with a spinal cord injury
are incontinent at times and for 11 %, this is at least weekly'"
An upper motor neuron lesion will tend to result in a reflex
bowel, with continence if bowel emptying can be stimulated
before reflex emptying occurs. A lower motor neuron lesion
will usually result in a flaccid bowel and patulous anus. One
study interviewed in considerable depth 115 people who had
a spinal cord injury at least 9 months previously. It was found
that time taken for toileting was positively associated with
higher scores for depression and anxiety, and bowel man
agement was rated as more of a problem than bladder, body
image, spasticity or skin care, and almost as problematic as
access, dependence, and sexual function."

Multiple sclerosis (MS) is associated with bowel dysfunc
tion (incontinence and/or constipation) in over two-thirds
of individuals, with half reporting accidents in the previous
3 months and a quarter leaking at least once per week." The
mechanism for this incontinence is not clear and probably
varies with the individual's lesions. There is a correlation of
fecal incontinence with degree of disability, duration of
disease, and bladder symptoms." However, 25% of those
with even mild MS report some fecal incontinence."



Long-standing diabetics may suffer chronic diarrhea and
there is evidence that some also have an internal sphincter
neuropathy and impaired sensation, which makes fecal incon
tinence much more likely in this group," Other neurologic
diseases, such as spina bifida, also have a profound effect on
bowel sensation and control.

Care should be taken when reading the literature on
this subject as the term "neurogenic incontinence" is often
used in the specialized colorectal literature to denote fecal
incontinence associated with pudendal nerve damage during
childbirth and does not refer to that caused by major
neurologic disease or injury. Many people with impaired
sensory or motor function of the bowel and its sphincters
will tread a delicate balance between fecal incontinence and
constipation: anything done to help one of these problems
may precipitate the other. Clinically, many patients prefer
constipation as a socially more acceptable condition than
incontinence.

SECONDARY TO DEGENERATIVE
NEUROLOGIC DISEASE
Fecal incontinence is common in elderly people with
Alzheimer's disease or other dementias.P:" The cause of this
seems to be a complex interaction of neurologic impairment,
causing a loss of sensation and ability to control the bowel,
interacting with loss of intellectual function and social
awareness of the need for continence, and in some cases
the lack of physical ability to cope with bowel function"
Individuals who are also immobile easily become consti
pated with subsequent fecal impaction (see below). In insti
tutional settings, this may be compounded by staff shortages,
poor toilet facilities, dehydration, poor diet or lack of
individualized care.

CONSTIPATION
There is a well-recognized aSSOCIatIOn between severe
constipation with fecal impaction and incontinence, either
of solid stool or of liquid stool often referred to as "spurious
diarrhea," particularly amongst the frail elderly population
in institutional care. In children with encopresis, this is the
primary mechanism of soiling." However, the mechanism
for this incontinence remains somewhat obscure. It has often
been suggested that impaction of the rectum causes anal
relaxation but anal resting and squeeze pressures have been
found to be similar in impacted individuals as in age
matched nonimpacted controls. There is, however, a reduc
tion in sensation, and in the volume of rectal distension
needed to elicit internal sphincter relaxation via the
rectoanal inhibitory response, and some loss of the anorectal
angle in incontinent individuals. It is unclear which of these

"LIFESTYLE" AND ENVIRONMENTAL FACTORS

mechanisms is cause or effect of impaction or subsequent
incontinence. It may be that once impaction is present
(possibly caused by a combination of immobility, low fluid
and fiber intake, drug side effects, confusion, lack of privacy,
and many other factors), lack of sensation makes it difficult
to contract the external sphincter appropriately to prevent
leakage when the internal sphincter relaxes in response to
rectal distension.P:"

Some women with severe pelvic floor weakness seem to
have a tendency to a combined difficulty with evacuation
and passive loss of formed stool, although the mechanisms
for this syndrome have yet to be defined. A common factor
in the genesis of pelvic floor problems may be chronic
straining with perineal descent from constipation, with
subsequent pelvic floor damage (direct or neurologic)78,79
resulting in prolapse or urinary or fecal incontinence,
Straining at stool by young women has been found to be
associated with later prolapse and stress urinary inconti
nence.t" Clinically, many older women presenting with
fecal incontinence give a history of previous long-standing
constipation but this has not been documented in the
literature.

" LIFESTYLE" AND ENVIRONMENTAL
FACTORS
Unlike urinary incontinence, little work has been done on
defining which additional factors might contribute to fecal
incontinence. There is a suggestion that obesity increases the
risk of FI but whether this is a direct effect or is mediated
by unhealthy eating, poorer muscle tone as a result of less
exercise and lesser health awareness is unknown. Extra
weight may impair the blood flow or nerves to the pelvic
floor and this may be reversible."

Smoking might in theory contribute to FI as nicotine can
stimulate distal gut peristalsis and a chronic cough might put
stress upon the pelvic floor, but empirical data are lacking.

Individuals who have physical or mental impairments
may have their ability to maintain continence impaired by
an adverse physical or social environment. This is partic
ularly relevant to those in institutional settings. Environ
mental factors include toilet facilities which are inaccessible
or lack privacy so that the person avoids using the toilet;
carers who are not sensitive to the individual's needs and
bowel habit; clothes which are difficult to manipulate in a
hurry; and other factors which vary with the abilities of the
individual. The toilet itself may be too high, leaving the feet
dangling and making abdominal effort to assist defecation
difficult. Or it may be too low, making sitting and rising
difficult for those with immobile hips. A social environment
in which staff are always overworked and harassed may lead
the individual to repeatedly ignore the call to stool, in the

79
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hope of finding a quieter time later, and eventually lead to

the impaction described above. Even those who are not frail
but have urgency may find their continence compromised by
a lack of available public toilet facilities.

Caffeine stimulates the bowel." Artificial sweeteners act
as an osmotic laxative. Many people report sensitivities to a
variety of foods which precipitate intestinal hurry.

Many drugs have listed possible direct or indirect effects
on the gut. Some will cause constipation, others diarrhea, or
either in different people. A careful drug history will include
all prescription, over-the-counter or "herbal" preparations,
with possible gastrointestinal effects considered.

Frailty and dependence on others will mean that the
individual's ability to maintain continence is influenced by
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Muriel K Boreham, Clifford Y Wai and Joseph I Schaffer

Pathophysiology of Pelvic
Organ Prolapse

...It is brought about moreover through holding the
breath, or leaping, and from lifting a weight, or from a
blow...But it has also occurred through mental stress ...or
when the approach of enemies was announced, or
when women were exposed to severe storms at sea...
(Soranus Gynecology, 100 AD)

INTRODUCTION
Pelvic organ prolapse is a global health concern affecting
adult women of all ages. The prevalence of prolapse is
unknown. In one widely quoted study, the lifetime risk of a
woman undergoing surgery for prolapse or incontinence was
11%.1 However, a study by Swift er al of 1004 women aged
18-83, presenting for routine annual gynecologic exam,
revealed the distribution of pelvic organ support by Pelvic
Organ Prolapse Quantification (POPQ) staging to be: stage
0,24%; stage 1, 38%; stage 2, 35%; stage 3, 3%.2 These data
are similar to those found in 27,342 women who participated
in the Women's Health Initiative Hormone Replacement
Therapy Clinical Trial (WHI), where approximately 40%
had some form of prolapse.'

The discrepancy between the percentage of women
undergoing surgery for prolapse and those found to have
it on a routine exam may be due to the fact that this
condition is often asymptomatic. Since patients do not
report symptoms, an objective prolapse examination is
not performed and thus treatment is not instituted. It is
clear that the magnitude of this problem has been under
estimated. If emphasis is placed on careful evaluation of
symptoms and directed prolapse physical examination,
it is likely that the true scope of this condition will be
uncovered.

In this chapter, we will discuss the pathophysiology
of pelvic organ prolapse with emphasis on risk factors,
anatomy, and mechanisms of prolapse.

CHAPTER

9
RISK FACTORS
There have been many postulated risk factors for pelvic
organ prolapse including pregnancy, vaginal childbirth,
aging, chronically increased intraabdominal pressure,
menopause, hypoestrogenism, trauma, genetic factors, race,
musculoskeletal diseases, chronic diseases, smoking, and
prior surgery. It is likely that the etiology of pelvic organ
prolapse is multifactoral and results from a combination
of risk factors which vary from patient to patient. It is the
rare patient in whom prolapse can be attributed to one
independent risk factor.

Vaginal childbirth is the risk factor which has been most
frequently associated with pelvic organ prolapse. In the
Pelvic Organ Support Study (POSST), increasing parity was
associated with advancing prolapse/ The risk of prolapse
increased 1.2 times with each vaginal delivery. In the Oxford
Family Planning Study, women with two deliveries were 8.4
times more likely to have surgery for prolapse compared to
women with no deliveries," Carley reported an increase in
prolapse with one vaginal delivery (odds ratio 4.7) while in
nulliparous women the risk was decreased (odds ratio 0.13).5
In a case-control study comparing Turkish women who had
surgery for prolapse and/or incontinence with those who
did not have surgery for these conditions, women with four
or more vaginal deliveries had 11.7 times the risk of suffering
prolapse or incontinence."

Age appears to be a risk factor for pelvic organ prolapse.
In the POSST study, there was a 100% increased risk of
prolapse for each decade of life.2 Olsen found that the
cumulative incidence of primary operations for prolapse
and incontinence increased from 0.1% in the 20-29 age
group to 11.1 % in the 70-79 age group,' Aging is a complex
process and the increase in prolapse may be due to the
combination of physiologic aging, hypoestrogenism, and an
increased incidence of age-related degenerative and organic
diseases.
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Chronically increased intraabdominal pressure is believed
to be a clinically relevant factor in the pathogenesis of
prolapse. This condition is not well defined but may be due
to obesity, chronic constipation, chronic coughing or repeti
tive heavy lifting.

Numerous studies have identified obesity as an inde
pendent risk factor for stress urinary inconrinence.i""
However, the association between obesity and the devel
opment of pelvic organ prolapse is less clear. In some
studies, increased body mass index has been associated with
pelvic organ prolapse' but other studies have failed to
support this finding." Heavy lifting has also been implicated
in the pathogenesis of prolapse. A Danish study found that
nursing assistants who were exposed to repetitive heavy
lifting were at increased risk of undergoing surgery (odds
ratio 1.6) for prolapse when compared with the general
population. I

2

Cigarette smoking and chronic obstructive pulmonary
disease (COPD) have also been associated with the devel
opment of pelvic organ prolapse bur there are few data to

support this proposed relationship.v''!' Although it is postu
lated that chronic repetitive increases in intraabdominal
pressure, i.e. chronic cough, might lead to prolapse, no clear
mechanism has been determined. It is possible that tobacco
abuse, with the inhaled chemical compounds, and not
chronic coughing may cause changes that lead to pelvic
organ prolapse.

VAGINAL SUPPORT ANATOMY
It has been proposed that the vagina has three levels of
support," Level I support suspends the upper portion of the
vagina (parametria), level II attaches the midvagina to the
pelvic side walls (paracolpium), and level III fuses the distal
vagina to adjacent structures (Fig. 9.1). Defects in these three
levels of support result in anterior, apical, and posterior
vaginal wall prolapse (Table 9.1).

Figure 9.1 Level I and level II vaginal support structures.

Apical support is lost when the uterosacral/cardinal
ligament complex (level I) fails. Whether this is due to

attenuation, smooth muscle or connective tissue dysfunc
tion, or actual breaks in the visceral fascia that makes up the
ligaments is unknown." Loss of apical support is frequently
associated with small bowel herniation into the vaginal wall
(enterocele). Classic teaching is that enteroceles form when
the small bowel comes directly into contact with the vaginal
epithelium. If this were the case, by definition, a defect or
weakness in the vaginal wall would have to be present.
However, Tulikangas et al demonstrated that the vaginal
adventitia and muscularis are indeed intact in women with
enteroceles." Although controversy exists regarding the
vaginal wall changes, clinical impression suggests that ente
rocele is the result of weakness or discontinuity of the
fibromuscular layer in the region of the apex. Small bowel
can also dissect into the anterior vaginal wall and appear
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Table 9.1 Levels of support

Level Structure Function Resulting defect

I Uterosacral-eardinal ligament Suspension of apex Apical prolapse
complex

II Attachment to ATFP Supports bladder Paravaginal defect
Anterior/posterior fibromuscular Prevents bulging Cystocele/rectocele
vaginal wall of bladder and

rectum

III Fusion of distal vagina to Distal vaginal Perineal descent,
perineal body attachment distal rectocele

Adapted from reference 14, with permission



on physical examination to be a cystocele. Similarly, small
bowel frequently herniates into the posterior vaginal wall
and appears as a rectocele. Large bowel may also dissect into
the vaginal apex, creating a sigmoidocele. This is generally
associated with a redundant sigmoid colon.

Anterior vaginal wall prolapse is thought to be caused
by transverse, central, and paravaginal defects. Transverse
defects occur when the apex of the vagina loses level I
support," The vaginal wall has several layers including
epithelium, muscularis, and adventitia. The muscularis and
adventitia are termed the "fibromuscular layer." It is
proposed that central defects occur secondary to breaks in
the central portion of the fibromuscular layer. Finally,
paravaginal defects occur when the lateral vaginal walls
become detached from the arcus tendineus fascia pelvis."
Many women have a combination of defects that must each
be addressed during reconstructive surgery.

Posterior vaginal wall prolapse is also believed to be due
to deficiencies in the fibromuscular layer. The rectovaginal
septum, or Denonvillier's fascia, attaches to the perineal
body and is only present in the most distal 2-3 em of the
vagina." Detachment of the rectovaginal septum from the
perineal body is recognized as one type of rectocele (distal
transverse separation) and is generally addressed with a
defect-specific rectocele repair. 18

,19 This type of defect may
be associated with perineal descent and it is possible that
poor episiotomy repair, or episiotomy itself, may contribute
to the formation of a distal rectocele. Similar to anterior wall
defects, rectoceles may also arise from midline or lateral
defects in the fibromuscular layer of the vagina.

THEORY OF PROLAPSE DEVELOPMENT I
BONY SUPPORT ANATOMY
The final component of pelvic support is the bony pelvis.
The pelvis is composed of four bones: two innominates, the
sacrum, and the coccyx. The pelvic bones provide a
protective cage around the pelvic organs and participate in
support through muscle and connective tissue attachments
(Fig. 9.2).20 Women with a narrower arch are more likely to
suffer posterior compartment injuries during vaginal deliv
ery, whereas women with a wider arch are more likely to
have anterior injuries." From this observation, pelvimetry
has been investigated to describe pelvic characteristics that
predispose to prolapse. In a case-control study, women with
prolapse were found to have a larger transverse inlet diam
eter compared with women without prolapse."

THEORY OF PROLAPSE DEVELOPMENT
It is postulated that pelvic organ support is maintained
by complex interactions between levator ani muscles, the
vagina, and connective tissue of the pelvic floor. However,
the mechanisms by which the levator ani supports the
vaginal wall and how these mechanisms fail during the
development of prolapse have not been fully delineated. A
major problem facing researchers is difficulty in modeling
the complex interactions between the levator ani, nerves,
and connective tissue that contribute to the development of
pelvic organ prolapse.

When the levator ani muscle has normal tone and the
vagina has adequate depth, the upper vagina lies nearly
horizontal in the standing female. This creates a "flap-valve"

Figure 9.2 Muscle and connective tissue to the
bony pelvis.
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Figure9.3 Normal levator plate with flap-valve
effect.

effect in which the upper vagina is compressed against the
levator plate during periods of increased intraabdominal
pressure (Fig. 9.3). It is theorized that when the levator ani
muscle loses tone, it drops from a horizontal to a semi
vertical position, causing a widened or open genital hiatus
that predisposes the pelvic viscera to prolapse (Fig. 9.4).22
Without adequate levator ani support, the visceral fascial
attachments of the pelvic contents are placed on tension and
are thought to stretch and eventually fail.
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Mechanism of levator ani damage. Skeletal muscle
is a dynamic tissue that is constantly remodeling and regen
erating. A heterogeneous population of fibers with different
functions allows skeletal muscle to adapt to different
situations, such as stretch and mechanical load. It is thought
that damage to the levator ani muscles occurs due to direct
injury to the muscle tissue or through damage to its nerve
supply. Labor and vaginal delivery have the potential to
cause this type of damage. It is unclear what effect other
pathologic conditions, such as chronically increased intra
abdominal pressure, have on the levator ani muscle.

Direct injury. Direct injury to the levator ani muscles is
believed to occur during the second stage of labor. The
muscle undergoes significant stretch as the fetal head
distends the pelvic floor. It has been shown through
computer-simulated models that the medial pubococcygeus
muscles undergo the most stretch." Tunn et al described the
levator ani muscle after vaginal delivery in 14 women."
They found the urogenital and levator hiatus areas to be
increased immediately postpartum compared with repeat
scans 2 weeks later. This suggests the levator ani actually
remodels and recovers in some women after vaginal delivery.
This appears to be true functionally as well, in that post
partum women have been found to have decreased pelvic
floor muscle strength after delivery with rerum of function

Figure9.4 Weakened pelvic floor with widened genital hiatus
predisposing to prolapse.

by 10 weeks." However, it is also likely that in some cases
permanent stretch injury occurs. Evidence for this is sug
gested by the clinical observation that multiparous women
have a widened genital hiatus when compared to nulliparous
women.

In the developing world, prolonged and obstructed labor
causes ischemic injury with resultant fistulae." In a less
extreme situation, it is possible that during second-stage
labor, the vagina and levator ani muscle may be deprived of
oxygen and undergo necrotic changes. If the injury is severe
enough, the muscle tissue may be so devascularized that
it becomes severely atrophied or nonfunctional. In Tunn's
small series, one woman showed complete unilateral loss of
the iliococcygeal muscle 6 months after vaginal delivery."



The levator ani is a skeletal muscle composed mainly of
slow oxidative (type I) fibers. Changes seen in slow-twitch
muscle following denervation include muscle necrosis with
resultant atrophy and fibrosis. A study of 45 premenopausal
cadavers showed that fibrosis of the levator ani (especially
the ventral portion) increases with increasing parity and
in nulliparous women these changes increased with age.
However, there was no evidence of neurologic damage in
either group."

Neurologic injury. In addition to anatomic studies,
pudendal nerve terminal motor latencies (PNTML) and
electromyography (EMG) have been used to investigate
neural damage after vaginal delivery. There is evidence that
pudendal neuropathy is associated with vaginal delivery." In
addition, chronic straining to achieve defecation has been
associated with pelvic muscle denervation.Y" The excess
straining and perineal descent that occur can cause
stretching of the pudendal nerve and result in neuropathy."
However, there is little proof that pudendal neuropathy is
associated with the development of prolapse.

It is proposed that stretch injury of the pudendal nerve
occurs during the second stage of labor because the nerve is
fixed as it exits Alcock's canal." Snooks et al found evidence
of prolonged pudendal nerve latency in 80% of primigravid
women after childbirth, but most resolved by 6 months after
delivery." Although a number of these women will develop
urinary or fecal incontinence, only a small fraction will
actually experience the clinical problem of prolapse.

In fact, Heit et al did not find evidence of denervation
when studying fiber distribution in levator ani of women
with prolapse." This may be explained by understanding the
levator ani nerve supply. The predominant innervation is
derived solely from efferent branches of sacral nerve roots
2-4 through the pelvic nerve complex with no contribution
from the pudendal nerve."

EMG is more sensitive to subtle neuropathy than
PNTML and has the additional advantage of allowing dis-

THEORY OF PROLAPSE DEVELOPMENT I
tinction between acute and chronic nerve damage. Weidner
et al established the feasibility of quantitative EMG in the
levator ani of nulliparous women." Although quantitative
EMG of the anal sphincter after vaginal delivery has been
performed, postpartum nerve injury in the levator ani has
yet to be investigated with EMG.37

Nerve injury is a suspected, but unproven, risk factor
for pelvic organ prolapse. Further research is necessary to
delineate the role it plays in the pathophysiology of this
condition.

Mechanism of vaginal wall injury. The vaginal wall
is composed of squamous epithelium, smooth muscle
muscularis, and adventitia. All elements are embedded in an
extracellular matrix that includes collagen and elastin fibers
and smooth muscle. Abnormalities of any of these com
ponents may contribute to vaginal dysfunction and the
development of pelvic organ prolapse.

Site-specific defects. The site-specific defect theory is
based on the premise that tears in the "endopelvic fascia"
surrounding the vaginal wall allow herniation of the pelvic
organs." The association of pelvic organ prolapse with
vaginal delivery is consistent with this theory. However,
study of the microscopic anatomy of the vaginal wall
indicates that endopelvic fascia may not exist as a specific
anatomic tissue, but rather represents the fibromuscular
layer of the vaginal wall (i.e. vaginal muscularis and
adventitia) (Fig. 9.5).39.40

Although most are in agreement that vaginal delivery
predisposes women to pelvic organ prolapse, there is little
agreement regarding the changes in the pelvic musculature
and vaginal wall that result in prolapse. Nichols and Randall
propose an attenuation of the vaginal wall without loss
of fascial attachments. They term prolapse of this type
distension cystocele or rectocele." Anterior and posterior
wall defects due to loss of attachment of the lateral vaginal
wall to the pelvic side wall are described as displacement

Figure9.5 Cross-sections of anterior
vaginal wall obtained at time of
hysterectomy (A) were compared with
cadaveric specimens (8). Biopsy specimens
obtained at the time of operation contained
vaginal mucosa, muscularis (muse), and
adventitial (Bdv) layers. Vaginal mucosa
consists of squamous epithelium and
lamina propria. The vaginal muscularis is
separated from the bladder wall
musculature only by a loose framework of
collagen fibers (adventitia) and no discrete
endopelvic fascia. The adventitia of the
anterior vaginal wall approximates the
bladder muscularis. Sections are stained
with hematoxylin and eosin (original
magnification 5x).
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(paravaginal) cystocele or rectocele. 38,41 It is reported that
in the distension-type prolapse, the vaginal wall looks
smooth and without rugae, due to attenuation, whereas in
the displacement-type prolapse, vaginal rugae will be
visible. Both types ofdefects could result from the stretching
that occurs during the second stage of labor.

Smooth muscle dysfunction. Abnormalities in the
anatomy, physiology, and cellular biology of smooth muscle
in the vaginal wall may contribute to the pathophysiology of
pelvic organ prolapse. For example, smooth muscle fibers
arising from the vaginal wall attach to the levator ani
complex" and dysfunction of this smooth muscle may affect
the attachment of the lateral vagina to the pelvic side wall.
Additionally, it has been shown that the fraction of smooth
muscle in the muscularis of the anterior and posterior
vaginal wall apex in women with prolapse is decreased com
pared with women without prolapse." A decreased smooth
muscle content of the round ligament in women with pelvic
organ prolapse has also been described.V

The cellular processes that effect these changes in the
vaginal wall during the pathogenesis of pelvic organ
prolapse are unknown. Currently, it is not known whether
changes in smooth muscle content are a result of the
mechanical forces imposed on the prolapsed tissues or if
decreased amounts of muscularis smooth muscle have a
role in the development of this disorder. Decreased content
of differentiated smooth muscle in the vaginal wall of
women with pelvic organ prolapse may be secondary to
mechanical forces imposed on prolapsed vaginal tissues
or to denervation of the vaginal tissues during vaginal
delivery. Nevertheless, decreased fraction of smooth muscle
in the muscularis of prolapsed vaginal tissues may impair
vaginal tone.

Connective tissue problems. The connective tissue
of the pelvis is composed of collagen, elastin, smooth
muscle, and microfibers which are anchored in an extra
cellular matrix of polysaccharides. The connective tissue in
which the pelvic organs are invested provides much of the
anatomic support of the pelvis and its contents. There is
evidence to suggest that abnormalities of connective tissue
and connective tissue repair may predispose women to
prolapse.43

,44 For example, Norton found that women with
joint hypermobility were found to have a higher prevalence
of genital prolapse (cystocele, rectocele, and uterine/vaginal
vault prolapse) compared to women with normal joint
mobility. Women with connective tissue disorders such as
Ehlers-Danlos or Marfan's syndrome are more likely to
develop pelvic organ prolapse" and urinary incontinence/?
In a small case series studying symptoms of prolapse in
patients with connective tissue disorders, one-third of
women with Marfan's syndrome and three-quarters of those

with Ehlers-Danlos syndrome reported a history of pelvic
organ prolapse."

Collagen is one of the main constituents of pelvic con
nective tissue. There are many types of collagen described
but types I and III are the most prevalent in pelvic tissues.
Type I collagen fibers are usually well organized and are
associated with ligamentous tissue. Type III collagen is
common in the loose areolar tissue which makes up the
vaginal wall adventitia and surrounds the pelvic organs.
Quantitative or qualitative deficiencies in collagen have
been associated with the development of pelvic organ
prolapse.

Decreased collagen content is found in women with stress
urinary incontinence and pelvic organ prolapse. When
compared to women with good pelvic organ support, those
with prolapse were found to have less total collagen in their
pubocervical fascia as well as a weaker type of collagen.46

,47

This may be secondary to increased collagen turnover or
breakdown. Site-specific analysis of collagen in prolapsing
tissue has found structural, biochemical, and quantitative
differences in collagen content.48

,49

The fascia and connective tissues of the pelvic floor may
also lose strength with aging and loss of neuroendocrine
signaling in pelvic tissues." Estrogen deficiency can affect
the biomedical composition, quality, and quantity of collagen.
Estrogen can affect collagen content by increasing synthesis
or decreasing breakdown. Exogenous estrogen supplemen
tation has been found to increase the skin collagen content
in postmenopausal women who are estrogen deficient."

Conclusions. Pelvic organ prolapse is a common
condition that can severely impact upon quality of life. It is
likely to become more common as the population ages in the
coming years. Epidemiologic studies point to vaginal
delivery as the strongest risk factor, although the etiology is
often multifactorial. The pathophysiologic mechanisms of
prolapse have not been fully elucidated but it is likely that
damaged or malfunctioning skeletal muscle, smooth muscle,
connective tissue, and nerves all play a role in the progres
sion of this disease.

FUTURE RESEARCH DIRECTIONS
Much is still unknown regarding the pathophysiology of
pelvic organ prolapse. Current theories do not adequately
explain why a gravida 0 can develop pelvic organ prolapse,
whereas a gravida 9 may have excellent pelvic organ
support. Similarly, we cannot alwaysexplain why one patient
develops recurrence after repair of all support defects, while
another patient with the same repair has a permanent cure.

The most successful approach to pelvic organ prolapse
may ultimately be prevention. Therefore, future research
should focus on identifying modifiable risk factors. Vaginal



delivery is the most obvious risk factor which has the
potential to be modified. Future research should try to iden
tify specific aspects of the birthing process which can be
modified to decrease the incidence of prolapse and pelvic
floor dysfunction. In addition, methods must be developed
to follow patients over long periods of time. Whether it is
studying the effects of vaginal delivery 20 years later or
assessing how durable surgical repairs are over time, we must
find ways to follow the progress of pelvic organ support.
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DiagnosticEvaluation of
Urinary Incontinence
Christopher R Chapple and Philippe E Zimmern

CHAPTER

10
INTRODUCTION
The lower urinary tract comprises the bladder and urethra
and should be considered as a single functioning vesico
urethral unit required to adequately store urine as well as
empty efficiently. Dysfunction occurs when there is break
down of these fundamental tasks, resulting in storage andjor
voiding symptoms, urinary retention or incontinence. The
bladder tends to be an "unreliable witness," its symptoms
often being nonspecific and neither diagnosing the under
lying dysfunction nor paralleling the severity of the
underlying functional disorder.

The customary evaluation of patients with both storage
and voiding dysfunction includes an in-depth history and
physical examination, as well as appropriate laboratory
studies. Endoscopy and radiography provide useful struc
tural information and are used when clinically indicated.
Urodynamic studies provide the only objective functional
tests of bladder and urethral function and are a valuable
adjunct to the investigation of patients with lower urinary
tract dysfunction. Urodynamics, when properly selected and
accurately interpreted, provides healthcare professionals
with an improved diagnostic capability useful in formulating
treatment strategies, educating patients, and ultimately
improving therapeutic outcome. The results of urodynamics
should not be interpreted as a free-standing study but in
conjunction with the clinical presentation. Although the
interpretation of urodynamics can be complex on occasion,
in the majority of cases the indications for urodynamic
investigation are evident and its application provides an
essential complement to the modern practice of urology,
gynecology, and associated specialties.

EVALUATION OF URINARY INCONTINENCE
In any patient presenting with incontinence, it is essential
to carry out a complete evaluation of the patient, both
subjective and objective. It is imperative that the exact
functional derangement is defined and the precise etiologic
factors are identified. This is particularly important when

there is more than one abnormality present, since incorrect
treatment may aggravate symptoms rather than cure them.
A careful balance should be struck between the treatment
modality to be chosen and the patient's expectations. In
addition to a clear history, a full examination, physical, uro
dynamic and, where appropriate, utilizing imaging, should
be performed.

History. The most helpful classification of potential causes
of incontinence is based on etiology.

1. Sphincter failure (stress incontinence)
2. Bladder overactiviry (urgency incontinence)
3. Anatomic anomalies, e.g. uretero-yvesico-yurethro

vaginal fistulae
4. Overflow incontinence
5. Temporary causes, e.g. infection, immobility, fecal

impaction
6. Functional disorders

It is important to remember that more than one condition
can and often does coexist. Furthermore, reported symp
toms are not specific to any underlying abnormality; for
example, urgency and frequency may be described by
patients with sphincter failure or bladder overactiviry. It is
not unusual for patients to present with a combination of
urge and stress. When both symptoms are present, the
incontinence is called mixed, which is especially common in
older women. Often, however, one symptom (urge or stress)
is more bothersome to the patient than the other. Identifying
the most bothersome symptom is important in targeting
diagnostic and therapeutic interventions.

Salient features within the history include:

• onset and duration of leakage
• type of leakage (triggering events)
• severity of leakage and degree of bothersomeness
• impact of leakage on quality of life
• pad usage
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• storage symptoms
• voiding symptoms
• nature of previous incontinence or prolapse surgery, if

any
• other significant symptoms.

Whatever the cause of the incontinence, it is vital to assess
the impact it has on the patient's lifestyle. The severity of the
problem can be established by asking about the frequency of
incontinent episodes and the number and type of protection
used (e.g. pads worn per day).

Stress leakage may occur with any activity that results in
a rise in intraabdominal pressure, most commonly coughing,
sneezing or laughing, getting up from a chair or walking.
Symptoms are usually better at rest so nocturia is not char
acteristic, nor are stress incontinence symptoms expected
at night.

With urgency incontinence, patients complain of a loss
of voluntary control of bladder activity and micturition
resulting in urgency, urgency incontinence, frequency,
nocturia, and nocturnal enuresis/ They often describe trig
gers such as cold weather, hand washing and "key in the
door," when they are able to inhibit micturition for some
time only to leak as they enter the house. Sometimes the
trigger for overactive bladder contractions may be associated
with a rise in intra abdominal pressure, e.g. coughing or
sneezing, in which case the patient may appear to be describ
ing stress incontinence. The reduced interval time between
the urgency sensation and the occurrence of incontinence is
what typically bothers the patient, giving her the sense that
she has no "control" over her bladder.

With dribbling incontinence, many patients complain of
"being wet all the time." It is important to establish to what
extent this is a figure of speech. Continual leakage of urine
is uncommon and is usually associated with overflow
incontinence. Rarely there is an anatomic abnormality such
as a fistula. Occasionally there may be gross genuine stress
incontinence with a wide-open bladder neck resulting in
continuous leakage of urine. Overflow incontinence occurs
when the bladder is chronically overdistended. In both men
and women, decreased bladder sensation resulting in incom
plete voiding may be a consequence of a neurologic deficit,
for example in multiple sclerosis or diabetic neuropathy.

Many women with severe prolapse recall that as the pro
lapse worsened (no doubt by producing urethral kinking),
their stress incontinence symptoms improved or even
completely disappeared. Certainly reduction of a vaginal
prolapse during examination by the clinician can unmask so
called occult incontinence in many clinically continent
patients with severe prolapse.

Assessment. Self-administered questionnaires may be
used to elicit both symptoms and impact on quality of life,
and several are available that have been validated with

psychometric testing. An example of a simple symptom
questionnaire is the Urogenital Distress Inventory Short
Form (UOI-6) which has been validated in older adult males
and females. Out of the myriad available quality of life
questionnaires, the incontinence-specific King's Health
Q!Iestionnaire has been widely validated, is commonly used,
and is available in 27 languages.

The Bristol Female-LUTS Questionnaire also continues
to receive attention as demonstrated by a recent randomized,
crossover study comparing the responses to the same ques
tionnaire administered twice in 114 women with lower
urinary tract symptoms (LUTS) attending a tertiary uro
gynecology clinic." In one group, the questionnaire was
mailed 1 week before urodynamic studies (UDS) took place
and administered a second time by direct interview on the
day of UDS, whereas in the second group, the questionnaire
was administered at the time of UDS and then mailed 1
week later. Although response rates were not surprisingly
lower on postal questionnaires, there were more questions
having a predictive value on UDS findings of stress urinary
incontinence (SUI) and detrusor overactivity when self
completed over interview directed. Nonetheless, the authors
concluded that "no symptom had a high enough specificity
and sensitivity to replace urodynamic testing."

The International Consultation on Incontinence (ICI) has
recently developed the ICIQ which is a disease-specific
quality of life questionnaire with a large number of disease
area-associated modules which are currently under develop
ment and evaluation. The International Consultation on
Incontinence Q!Iestionnaire-Short Form (ICIQ-SF) has five
questions and has been promoted by the World Health
Organization as an "easy-to-use" urinary incontinence
assessment tool. In a recent study, 64 women consulting for
urinary incontinence completed the questionnaire three
times, twice during the same visit, by self-administration and
physician interview, then at home 1 week later. The study
was powered to detect a minimal difference of 2.5 between
the mean scores on patient and physician administration.
Of 64 patients enrolled, 59 sent back the questionnaire at
1 week, and no difference was observed between home and
physician-administered scores,"

For assessing quality of life related to urinary inconti
nence, several questionnaires are now available including
the I-QOL,36 the SEAPI-QMM,H which has been recently
validated and was designed in the same way as a TNM clas
sification, the IIQ-Short Form 7 Item," and the Contilife'
originally designed in France. These self-administered
questionnaires are available for general use, have been for
the most part translated into many languages, and can help
both researchers and clinical practitioners.

Q!Iestionnaires are sometimes developed for younger or
middle-aged patients. A recent study in women over 65 years
old presenting for routine care and with no urologic



symptoms established the baseline "background" noise to be
expected when interpreting the scores of the UOI-6 and
AUA-7 questionnaires in older patients. Of note, a score of
1 on a scale from 0 (none) to 3 (severe) for most questions
was common even in these individuals without urologic
complaints."

Can questionnaire score help to distinguish between
stress and urgency mechanisms? The MESA Questionnaire
was designed to separate out these two conditions using a set
of specific questions oriented more towards stress or urge.
Depending on the response level for these questions, a score
for stress can be obtained and compared to the score for
urge, thus helping to categorize patients with pure stress or
stress-predominant leakage, or predominant urge. This
questionnaire was used as a screening tool in two recent
NIH-sponsored trials as part of the Urinary Incontinence
Treatment Network."

Q!Iestionnaires have been studied for their predictive
value. For example, Lemack and Zimmern found that a high
response (2 or 3) for question 3 of the UOI-6 questionnaire
highly correlated to the urodynamic finding of SUI, whereas
this correlation was weaker for question 2 on urgency in
regard to urodynamic detrusor overactiviry."

Q!Iestionnaires such as the UDI-6 have been studied to
compare patient and physician perception of the severity
and bother of the patient's symptoms. It appears that physi
cians frequently underestimate the patient symptomatology,
even after a detailed one-on-one interrogation and history
taking. Therefore, interviewer bias can lead to an under
estimation of patient's bother and offer a more optimistic
impression of a patient outcome after surgery, for example,
than if the information came from a self-administered
questionnaire."

Several questionnaires in other areas such as sexual func
tion, fecal incontinence, pelvic organ prolapse, general
health, and mental status are beyond the scope of this
chapter.

Although the role of questionnaires is rapidly expanding,
some being directed at symptom specificity, others at bother
or impact on quality of life,13 a universally adopted, clear,
short, and simple instrument is still lacking for routine
clinical practice. Such progress would aid in comparing
outcomes in reported series on urinary incontinence all over
the world.

Physical examination. After recording height and
weight, the examination should start with an inspection of
the abdomen for scars indicating prior surgeries, palpation
of the flank for masses and the lower abdomen for a
distended bladder. Inspection of the perineum may detect
skin changes such as excoriations due to incontinence and
the use of pads or diapers, or fungal erythematous areas in
the labial creases. After placement of a half-blade speculum

EVALUATION OF URINARY INCONTINENCE I

over the posterior vaginal wall, the anterior vaginal wall is
inspected and the patient is asked to cough and strain to

demonstrate SUI.32 The degree of urethral mobility with
straining is also noted using either the POP-Qvalue of Aa
located at 3 cm proximal to the external urinary meatus
(level of bladder neck) or a lubricated Q-tip inserted in the
urethra (Q-tip test).l0·23 If the cough test fails in supine
position, it should be repeated later in the standing position.
However, when successful, it often indicates an element
of sphincteric deficiency." A cough followed by leakage
indicates that the cough triggered a detrusor contraction.

The presence of prolapse involving the anterior, apical,
and posterior compartments should be documented and
possibly shown to the patient with a mirror. The half-blade
speculum is turned superiorly to elevate the anterior vaginal
wall and permit the visualization of the posterior vaginal
wall." The Baden-Walker halfway method? and the POP-Q
classificarion'i'" are recommended to grade the severity of
the prolapse(s). Examination in standing position may help
detect an enterocele and/or an apical descenr.'

Other important findings include the estrogen status of
the vaginal walls, any signs of vaginal infection, scars from
prior vaginal repair procedures, pelvic or ovarian masses by
bimanual examination, pelvic floor muscle strength, and
a rectal examination to assess anal tone and a possible
rectocele. A neurologic examination, including inspection of
the lower back, perineal as well as perianal sensation testing,
and lower extremity reflexes, is also recommended. In
patients with suspected neurologic deficits, a more complete
neurologic investigation is needed.

Although the low lithotomy position and the birthing
chair are frequently used to examine women, some prac
titioners prefer to carry out the vaginal examination with the
patient lying in the left lateral position using a Simms
speculum and asking the patient to "bear down" or "cough"
to objectively demonstrate stress leakage of urine and assess
the degree of bladder neck mobility and uterovaginal
prolapse.

Once the history, assessment, and physical examination
have been conducted, the next step is to decide on
further tesringts)." However, before proceeding with any
imaging or urodynamic studies, it is important to remember
that a urinary tract infection, although an uncommon cause
of incontinence, will aggravate any existing urinary
symptoms and may also invalidate the results of other
investigations performed. Therefore the presence of urinary
tract infection should always be checked for prior to

investigation. The confirmation of recurrent infections
may also alter the type and priority of investigations per
formed or lead to a temporary recommendation for low
dose daily antibiotic prophylaxis to allow the scheduling and
implementation of these tests without concern for a
recurrent infection.
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VOLUME VOIDED CHARTS
The urodynamic value of the simple voided volume chart is
often overlooked, an important omission since this is a
natural volumetric urodynamic record of bladder function.
The volume/frequency chart is a simple noninvasive tool
used in the evaluation of patients with voiding dysfunction,
and in particular, in those with increased urinary frequency
and incontinence.'

Volume/frequency charts help define severity of symp
toms and add objectivity to the history. One can readily
diagnose increased urinary frequency secondary to high
urinary output and from physiologic nocturnal diuresis. A
record of fluid intake helps identify an easily treatable cause
of urinary frequency.The recommended daily fluid intake of
6-8 glasses of fluids (1 glass= 8 ounces, 1 ounce= 30 ml, so
nearly 2 liters for all fluids/day) is often misconstrued by the
patient as the doctor's recommendation to drink 6-8 glasses
of water daily in addition to the basic fluid needs. This exces
sive fluid intake frequently results in frequency and urgency
and may worsen urinary incontinence. It is important to
review these simple guidelines with the patient and discover
ifher craving for fluids is not prompted by a sensation ofdry
mouth, by the desire to avoid constipation, a fear of another
bladder infection, or a special diet to lose weight. The aver
age maximum voided volume represents the patient's
functional capacity, knowledge of which is useful to know to
prevent overfilling of the bladder during cystometry.

A normal bladder fills to a volume approximating its
functional capacity and the chart records a series of sizable
(300--500 ml) and fairly consistent volumes.

An overactive bladder contracts at variable degrees of
distension before full capacity, erroneously informing the
patient that it is full, resulting in urinary frequency and low
and varying voided volumes.

In addition, frequency/volume charts provide important
feedback to the practitioner and patient necessary to
objectively evaluate the effectiveness of any therapies used
in the treatment of the urinary dysfunction.

Technique. The patient is instructed to record fluid intake
and the time and volume of each void for 3-7 days. Episodes
of incontinence and the use of pads can also be recorded. In
bladder drill the patient will be instructed to holdon to their
urine up to a fixed time parameter, such as hourly, and then
void, recording volumes voided and incontinent episodes,
gradually increasing the time between voids accordingly
until an acceptable voiding pattern is achieved.

Practical points. In sensory frequency resulting from
hypersensitive bladder states due to urine infection, trigo
nitis or a condition such as interstitial cystitis, the symptoms
and voided volume chart often vary considerably from week
to week.

It is essential not to base therapy on the results of such
investigations alone. In particular, it is essential to exclude
another etiology for bladder symptoms, such as neoplasia,
carcinoma in situ or intravesical stones, before proceeding
with therapy.

Comment. The voided volume chart may provide infor
mation that is helpful in both the assessment and treatment
of bladder dysfunction. It is particularly useful in providing
a form of biofeedback during bladder retraining. It is impor
tant, however,not to overinterpret the results obtained but to
use them in combination with other forms of urodynamic
and urologic assessment.

PAD TESTING
The subjective assessment of incontinence is often difficult
to interpret and does not reliably indicate degree of abnor
mality. Not all patients who complain of urinary incon
tinence are in fact incontinent during a cystometric
examination. Pad testing is a simple, noninvasive objective
method for detecting and quantifying urine leakage.22

,25,27

The quantification of urine loss. To obtain a repre
sentative result, especially in subjects with variable or
intermittent urinary incontinence, the test should occupy as
long a period as possible, in circumstances which should
approximate those of everyday life, yet be as practical as
possible in the available circumstances and be carried out in
a standardized fashion.

Technique. On the basis of pilot studies performed in
various centers, we would recommend a I-hour test period
during which a series of standard activities are carried out.
This test can be extended by further I-hour periods if the
result of the first test is not considered representative by
either the patient or the investigator. Alternatively, the test
can be repeated having filled the bladder to a defined
volume.

The total amount of urine lost during the test period is
determined by weighing a collecting device such as a nappy,
absorbent pad or condom appliance. A nappy or pad should
be worn inside waterproof underpants or should have a
waterproof backing. Care should be taken to use a collecting
device of adequate capacity. Immediately before the test
begins, the collecting device is weighted to the nearest gram.

Typical test schedule
1. Test is started without the patient voiding.
2. The pre-weighed collecting device is put on and the

first l-hour test period begins.
3. The subject drinks 500 ml sodium-free liquid within a

short period (maximum 15 min), then sits or rests.



4. Half hour period: subject walks, including stair climb
ing equivalent to one flight up and down.

5. During the remaining period, the subject performs the
following activities:
• standing up from sitting, 10 times
• coughing vigorously, 10 times
• running on the spot for 1 minute
• bending to pick up small object from floor,

5 times
• wash hands in running water for 1 minute.

6. At the end of the I-hour test the collecting device is
removed and weighed.

7. If the test is regarded as representative, the subject
voids and the volume is recorded. Otherwise the test is
repeated preferably without voiding.

If the collecting device becomes saturated or filled during
the test it should be removed and weighed, and replaced by
a fresh device. The activity programmed may be modified
according to the subject's physical ability.

Practical points
Interpretation. The total weight of urine lost during the
test period is taken to be equal to the gain in weight of
the collecting device(s). An increase in the weight of the
pad of less than 1g in 1 hour is not considered a sign of
incontinence since a weight gain of up to 1g may be due to
weighing errors, sweating or vaginal discharge. Evaporation
is not important. The test should not be performed during a
menstrual period and the patient may influence the test
result by voluntarily voiding. A negative result should be
interpreted with caution; the test may need to be repeated or
supplemented with a longer test. The reproducibility of the
1-hour pad test is relatively poor.

If substantial variations from the usual test schedule
occur, this should be recorded so that the same schedule can
be used on subsequent occasions.

Voiding. In principle, the subject should not void during
the test period. If the patient experiences urgency, then she
should be persuaded to postpone voiding and to perform as
many of the activities in point 5 as possible in order to detect
leakage. Before voiding, the collection device is removed for
weighing. If inevitable voiding cannot be postponed then the
test is terminated. The voided volume and the duration of
the test should be recorded. For subjects not completing the
full test, the results may require separate analysis or the test
may be repeated after rehydration.

Normal values. The hourly pad weight increase in conti
nent women varies from 0.0 to 2.1 g/h, averaging 0.26 g/h.
With the l-hour ICS pad test, the upper limit (99% confi
dence limit) has been found to be 1.4 g/h.

FLOW RATE I
Longer test at home. Home pad tests lasting 24-48 hours
are superior to the J-hour test in detecting urinary incon
tinence. The normal upper limit in a 24-hour test is 8 g.
Though longer tests are better at screening for incontinence,
they are less practical and more cumbersome.

Variations. Coloration of the urine with oral Pyridium
before performing pad testing can help differentiate
between vaginal discharge and urinary incontinence.

Additional procedures intended to give information of
diagnostic value are permissible provided they do not inter
fere with the basic test. For example, additional changes and
weighing of the collecting device can give information about
the timing of urine loss. An electronic recording nappy may
be used so that the timing is recorded directly.

Comment. This type of study is easy to conduct and
interpret and provides a great deal of useful information.
The weight of urine lost during the test is measured and
recorded in grams. A loss of less than 1g is within experi
mental error and the patient should be regarded as
essentially dry. However, the objective quantification of
incontinence by pad test remains under scrutiny due to its
practicality, repeatability, and inability to discriminate
between stress and urgency urinary incontinence.

With regard to practicality, the feasibility of mailing
pad tests from home was investigated prospectively using a
variety of commercially available pad brands," All pads
were saturated with a known volume, sealed in a plastic bag,
sent by first-class mail ($4/envelope), and re-weighed upon
arrival 7 days later and again at 14 days. The weights did not
differ significantly from urine-soaked control pads at 14 days
after mailing, and the volume lost ranged from 1 to 2 g on
average between day 0 and day 14.

It can be concluded that at this stage, the home and/or
office pad test belongs to the repertoire of pre- and/or
postoperative outcome measures in clinical research studies
on urinary incontinence. Its role in routine clinical practice
remains undeterrnined.P

FLOW RATE
Technique. The patient is asked to pass their urine into a
flow meter which gives a graphical representation of the
urine flow rate over time. Characteristic flow rate patterns
are seen in obstruction but many flow rates are equivocal
and should be interpreted with caution. Both poor detrusor
function and obstruction cause a reduction in flow rate.
Furthermore, detrusor pressure may initially increase to
overcome obstruction so that any reduction in flow rate is
masked.

The urinary flow rate is measured with a flow meter
which is a device that measures and indicates a quantity of 97
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fluid (volume or mass) passed per unit time. The meas
urement is expressed in ml/s. Patients should be instructed
to void normally with a comfortably full bladder and be
provided with as much privacy as possible to remove the
inhibitory effects of the testing environment.

Practical points. The important factors to consider
when interpreting a flow rate are the rate and pattern, in
particular whether the flow is continuous or intermittent.
A number of characteristic tracings have been reported
but the definition of normal remains debated in women.
Flow rates are dependent upon bladder volume and age. In
carrying out a urinary flow rate, particular attention needs to
be paid to certain factors as they can influence the result
obtained.

• Voided volumes of less than 150-200 ml can lead to
erroneous results and should be repeated. High voided
volumes >600 ml may lower flow rates by over
stretching the bladder, resulting in decreased detrusor
contractility.

• If possible, the patient should be in favorable sur
roundings and should not be stressed unduly.

• Whether the patient is voiding standing, bending
backwards, forwards, to the side, or half-standing.

• Whether the flow rate is a so-called "free flow rate"
occurring after natural filling or after mechanical filling
at the end of a urodynamic testing or following, for
example, a retrograde bladder filling as part of a stress
test or an office cystoscopy.

BLADDER ULTRASOUND OR BLADDER SCAN
Ultrasound is combined with a flow rate to provide more
detailed information on bladder function. This is a routine
investigation for all patients with voiding disorders seen as
outpatients; an alternative is to measure the residual by
catheterization.

Technique. The full bladder is scanned, the patient voids
into a flow meter in private and a postvoiding scan is carried
out to assess bladder residual. Interpretation of the flow rate
takes into account the factors mentioned above. Any form
of ultrasound probe allowing adequate visualization of the
bladder is used. The patient should be scanned at the time
that they feel "full," thereby providing an idea of the func
tional bladder capacity. Similarly, the patient should be
scanned as soon after voiding as possible in order to provide
accurate assessment of the true bladder residual.

Practical points. Ensure that the patient has a sub
jectively full bladder prior to carrying out the study to
provide a representative result. Make sure that the study is

carried out in circumstances where the patient is relaxed, so
as not to introduce error into the results obtained.

Comment. This test provides data on bladder capacity,
flow rate, and postvoiding residual, producing a more
detailed assessment of the lower urinary tract function than
a flow rate alone." It can be carried out easily with little
specialized equipment, is noninvasive and does not use
ionizing radiation. It is of particular value in the follow-up
of patients attending clinics, for instance with a hypocon
tractile detrusor following surgery for the relief of obstruc
tion or where it is suspected that voiding efficiency may have
been compromised, e.g. after a repair procedure for stress
incontinence.

FURTHER DIAGNOSTIC EVALUATION OF
PATIENTS
Urodynamic assessment
When should urodynamic testing be performed?
Women with a history of pure stress urinary incontinence
associated with urethrovesical hypermobility and no prior
history do not necessarily require urodynamic evaluation
prior to surgery for stress incontinence.Fr" However, a diag
nosis made on the basis of history alone will not exclude
detrusor overactivity in up to 25% of cases. Urodynamic
assessment is therefore an important preoperative requisite
in women with stress incontinence, particularly those who
have other associated abnormalities or risk factors identified
from their history and physical examination that may com
plicate the presentation and thereby influence treatment.v'
These include:

• women with significant overactive bladder symptoms
or mixed stress/urgency incontinence!'

• those with recurrent incontinence following previous
surgery

• patients with associated neurologic disease, and those
whose presentation suggests predominantly intrinsic
sphincter deficiency.

Women who are dysfunctional voiders with high postvoid
residual urine volumes are considered at higher risk of post
operative retention and should be urodynamically evaluated.
Pure urgency incontinence not responding to behavioral
and pharmacologic management is also an indication for
study.

All symptomatic patients with neuropathic bladder
dysfunction should undergo urodynamics, and preferably
videourodynamics, in order to accurately characterize the
detrusor and sphincteric abnormalities, and to help identify
patients who are at renal risk from their lower tract abnor
mality. More sophisticated electrophysiologic studies are



useful in the diagnosis of neuropathic bladder. The most
commonly studied patients are those with multiple sclerosis,
stroke, diabetes, Parkinson's disease, and spinal cord injury.

Cystometry, with or without video. The majority
of urodynamic units do not have the benefit of fluoro
scopically equipped facilities. In the assessment of the
majority of patients presenting with urinary incontinence,
frequency and/or urgency simple cystometry provides all of
the necessary information. Synchronous cystography and
cystometry recordings are most important in the assessment
of complex cases, particularly where previous surgery has
failed, since this investigation allows a combined anatomic
and functional evaluation of lower urinary tract function.
Nevertheless, it must be remembered that simple cysto
urethrography can be carried out in all x-ray departments
and can provide true, high-quality, lateral views of the
urethra during voiding.31,39

In equivocal or more complex cases, detailed urodynamic
investigation is necessary. Cystometry is the method by which
the pressure/volume relationship of the bladder is meas
ured. The term cystometry is usually taken to mean the
measurement ofdetrusor pressure during controlled bladder
filling and subsequent voiding with measurement of the
synchronous flow rate (filling and voiding cystometry). In
simple cystometry the intravesical (total bladder) pressure is
measured while the bladder is filled. It is not accurate as
it assumes that the detrusor pressure approximates the intra
vesical pressure. However, as the bladder is an intraabdorn
inal organ, the detrusor pressure is subject to changes in
the intraabdominal pressure which may lead to inaccurate
diagnoses. Subtracted cystometry involves the measurement
of both the intravesical and the intraabdominal pressure
simultaneously. Electronic subtraction of the latter from the
former enables the detrusor pressure to be determined.
Cystometry helps characterize detrusor function by assess
ing bladder compliance, sensation, stability, and capacity.

If appropriate radiologic facilities exist, the bladder can
be filled with contrast media, thus allowing simultaneous
screening of the bladder and outflow tract during filling
and voiding to be conducted (cystourethrography). When these
two procedures are combined, this results in the gold
standard investigation, the videocystometrogram or videouro
dynamic study. Radiologic screening provides valuable
additional anatomic information on the appearance of the
bladder, the presence of vesicoureteric reflux, the degree of
support to the bladder base during coughing, and by itself is
more than adequate for the diagnosis of sphincteric compe
tence and/or the level of any outflow obstruction in the
lower urinary tract on the voiding phase. This information,
along with the accompanying pressure flow tracings, can be
recorded on a videotape, allowing subsequent review and
discussion.

FURTHER DIAGNOSTIC EVALUATION OF PATIENTS

The majority of patients can be adequately investigated
using the simpler urodynamic techniques described, includ
ing simple cystometry. Videocystometry is, however, essen
tial for the adequate assessment of complex cases where
equivocal results have been obtained from simpler inves
tigations, for the definition of neuropathic disorders, and in
situations where there has been an apparent failure of a
previous surgical procedure.

Technique far videacystametragraphy/cystametry.
The detrusor pressure is estimated by the automatic
subtraction of rectal pressure (as an index of intraabdominal
pressure) from the total bladder pressure (intravesical
pressure), thus removing the influence of artefacts produced
by abdominal straining. During this study, notice is taken of
the initial bladder residual, the bladder volume at the time
of the patient's first sensation of filling, the final tolerated
bladder volume, and the final residual volume after voiding.
All systems are zeroed at atmospheric pressure. For external
transducers, the reference point is the level of the superior
edge of the symphysis pubis. For catheter-mounted trans
ducers, the reference point is the transducer itself.

Patients, excluding those with indwelling catheters, are
asked to void into a flow meter to allow measurement of a
free flow rate. Next, a fluid-filled rectal catheter is intro
duced into the rectum, the end of the tube being protected
with a fingerstall to prevent fecal blockage (a slit is cut in this
to prevent tamponade producing artefactual results during
the study). With the patient in the supine position, the
external urethral meatus is cleaned with antiseptic solution.
A 10 Ch Nelaton filling catheter with a 1 mm diameter
saline-filled plastic pressure catheter inserted into the
subterminal site hole is gently inserted into the bladder and
the two catheters then disengaged. The bladder is filled via
the 10 F catheter, which is removed prior to the voiding
phase, leaving the fine catheter in situ. Alternatively a 6, 7 or
8 F dual-lumen catheter can be used which avoids the need
to use two catheters and then disengage them. The bladder
can be drained of urine and this initial residual volume
recorded. Allternatively the study can be carried out by
filling on top of the initial residual and calculating the
residual at the end of the study by subtraction.

The two pressure measurement lines are then connected
to the transducers incorporated in the urodynamic appara
tus. The lines are flushed through, great care being taken
to exclude all air bubbles from both the tubing and trans
ducer chambers. Contrast medium or saline (in a "nonvideo"
study) at room temperature is then instilled into the bladder
at a predetermined rate under the control of a peristaltic
pump. Medium and fast fill (50-100 ml/rnin) is used rou
tinely, although slower filling rates (10-25 ml/rnin) approach
ing the physiologic range are mandatory in the assessment of
the neuropathic bladder. 99
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It is our practice to fill the bladder initially in the supine
position and the volume at first sensation of filling is noted.
When the subject first experiences discomfort, the radio
graphic table is tipped towards the standing position and
subsequent bladder filling discontinued when at the maxi
mum tolerated capacity. During bladder filling, the patient is
asked to consciously suppress bladder contraction and may
be asked to cough or heel bounce. The patient is then turned
to the oblique position relative to the x-ray machine and
asked to void into the flow meter provided.

In units where a tipping table is not available, the study
can be carried out in the sitting or standing position initially
but it is important to subsequently stand the patient upright
at the end of the study to assess postural detrusor overactiv
ity and to determine whether there is stress incontinence. In
the absence of radiologic screening, this is assessed with the
patient standing with legs slightly apart and squatting.

Throughout the study, continuous rectal pressure, total
bladder pressure, and electronically subtracted detrusor
pressure (total bladder pressure minus rectal pressure)
measurements are sampled at a predetermined rate (usually
1 Hz) and the results shown on the video display unit or
stored to disk or polygraph chart recorder, depending on the
equipment in use.

Videodynamics provides an excellent method of evalu
ating the urethral outlet in female patients with urinary
incontinence. With the patient standing quietly and partially
obliqued, the bladder neck position may be abnormally low,
below the level of the upper third of the symphysis pubis,
signifying loss of pelvic floor support in patients with hyper
mobile urethras/anatomic stress incontinence. Coughing
or Valsalva maneuvers cause these vesicourethral units to
descend and leak. With termination of the increased intra
abdominal pressure, the bladder neck quickly "springs back"
to its original position, terminating leakage. The semilateral/
oblique position enables the bladder neck to be distin
guished from a dependent cystocele and it also helps to
evaluate the size and functional significance of the cystocele.

Beaking or funneling of the bladder neck probably repre
sents a normal finding, is common in continent females, but
should be distinguished from a rectangular-shaped incom
petent bladder neck common in patients with intrinsic
sphincter deficiency (ISO). Typically, patients with pure ISO
as the cause of their incontinence demonstrate severe
leakage with minimal intraabdominal pressure increases and
minimal urethrovesical hypermobility. The urethra does
not spring back but appears to remain open and continue
leaking even after the stress event. Patients often have both
bladder neck hypermobility and ISO and experience is
necessary in order to interpret their relative functional
significance. Cystourethrography via the adjacent x-ray
screening apparatus allows the synchronous display of pres
sure and flow and also radiographic data relating to bladder

morphology, e.g. diverticula, vesicoureteric reflux and the
appearances of the bladder outlet and urethra, to be dis
played alongside the numerical data on a video display unit.

Practical points. Since a number of variations in
technique are currently available, the following points
deserve specific consideration.

TYPE OF CATHETER
• Fluid-filled catheter. specify number of catheters, single

or multiple lumens, type of catheter, size of catheter.
• Catheter tip transducer. specifications vary between

manufacturers; these catheters tend to be expensive
and rather too fragile for routine use.

MEASURING EQUIPMENT. A number of commercial uro
dynamic systems are currently available. These vary greatly
in terms of sampling rate, associated computer software
back-up, and price. A major problem with existing computer
programs is the ease with which they record artefacts
which can then bias the results of the subsequent automatic
data analysis. The investigator is strongly advised not to
rely upon the computer-generated data sheets but to
use an appropriate standardized reading sheet which
allows interpretation of the urodynamic findings by the
investigator.

TEST MEDIUM (LIQUID OR GAS). This is obviously not
applicable to catheter tip transducers. The advantage of
equipment using gas as a medium is that it can be more
compact and is therefore more easily portable. A major
drawback with gas cystometry is its susceptibility to artefact
being introduced by changes in the temperature of the
gaseous medium, a far less important consideration when
fluid is used.

POSITION OF PATIENT (E.G. SUPINE, SIDING OR STANDING)
TYPE OFFILLING. This may be by diuresis or catheter. Filling
by catheter may be continuous or incremental; the precise
filling rate should be stated (see below). When the incre
mental method is used, the volume increment should be
stated.

CONTINUOUS OR INTERMIDENT PRESSURE MEASURE
MENT. Continuous pressure measurement is of greatest
use in clinical practice. For example, in patients with a
suprapubic catheter and no urethral access, staged measure
ment of pressures can be carried out through the suprapubic
catheter.

WHO CARRIES OUTTHE STUDY AND HOW? DATA QUALITY. It
is essential that urodynamic studies are carried out or
supervised by experienced investigators.



• Always take a clinical history of the patient before
carrying out the study and counsel the patient before
they attend on the day and at the start of the study as to
the nature of the test.

• Make sure the urodynamic equipment is regularly
serviced and calibrate the transducers on a regular
basis.

• Make sure that the lines are zeroed at the start of the
study, check subtraction is perfect before starting
the study with a detrusor pressure between 0 and
5 cmH 20 , and every minute during the study ask the
patient to cough and verify that the rectal and vesical
pressure lines track together in their response. If in
doubt about artefact, repeat the study.

• Choose the correct filling rate for the study, e.g. normal
filling at 50 ml/rnin and slower filling at 10-20 rnl/rnin
for neuropaths and patients with a reduced functional
capacity.

LEAK POINT PRESSURE. The abdominal pressure or vesical
pressure at which leakage occurs is a major problem because
there is no standard technique with regard to:

• catheter caliber
• presence of prolapse
• bladder volume at which the leakage is measured
• Valsalva versus cough
• straining (contraction/relaxation of pelvic floor)
• absolute measurement or relative measurement com

pared to baseline
• no defined threshold values for treatment decision.

The literature abounds with contradictory reports as to
whether there is any correlation between urethral pressure
and leak point pressure.Y"

Our experience would support the use of graduated
coughs as a means of assessing leakage, ideally coupled
with cystourethrography or videocystometry. Basically,
both tests suffer limitations. Since women leak with stress
efforts in their everyday life and not with Valsalva, the
Valsalva leak point pressure serves at best as a surrogate
marker of sphincter competency. For the urethral pressure
profile, the methodology imposed by the test (passive
measurement, supine position) negates the real-life effect
of the stress component over a presumably deficient
sphincter.

Comment. Before starting to fill the bladder, the residual
urine may be measured. However, the removal of a large
volume of residual urine may alter detrusor function, espe
cially in neuropathic disorders. Certain cystometric param
eters may be significantly altered by the speed of bladder
filling.

TROUBLESHOOTING PRESSURE FLOW URODYNAMICS

During cystometry it is taken for granted that the patient
is awake, unanesthetized, and neither sedated nor taking
drugs that affect bladder function. Any variations from this
ideal must be taken into account when interpreting results.

In a small group of women who present with inconti
nence, urinary leakage cannot be demonstrated either
clinically or radiographically. Conventional testing can be
repeated or continuous ambulatory urodynamic monitoring
considered if available.

Definitions. A number of definitions have been applied
to standardize the interpretation of cystometry and in
particular to enable the free exchange of comparable clinical
and scientific data/

TROUBLESHOOTING PRESSURE FLOW
URODVNAMICS
It is important to be aware of a number of clinical scenarios
which can be a source of confusion and lead to errors in the
interpretation of results.

Poor subtraction. The rectal and bladder lines are not
functioning properly.

Remedy. ask the patient to cough at the start of the study
and every minute during the study to check the subtraction.
If cough transmission on one or other line appears inade
quate, flush out lines to clear air bubbles. Failing all else,
replace the measurement catheter and if no better, suspect
transducer error (rare).

Negative rectal pressure. A negative rectal pressure
adds to the total bladder pressure and therefore the sub
tracted bladder pressure (detrusor pressure) may be higher
than the total bladder pressure.

Remedy. adequate calibration of lines at the start of the
study and avoidance of air bubbles; a fingercot placed around
the rectal line to prevent blockage by stool material and with
a slit cut in it to prevent tamponade when flushing out
the line.

Cough/giggle overactivity. Be aware of this entity; an
uncommon but well-documented abnormality which can be
important as a cause of symptoms in women.

After contraction. A potential cause of confusion. It is not
well understood and its true significance remains unclear.

Isometric pressure contraction (piso). Obtained as a
spike of pressure when asking the patient to inhibit
micturition and perform a "stop test." Previously said to be a
sign of detrusor "power." Not particularly useful or of
diagnostic value. 101
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COMPLEX URODVNAMIC INVESTIGATION
The current techniques available for the investigation of
urethral sphincteric dysfunction are far from satisfactory.
Urethral pressure profilometry, although useful in the
assessment of sympatholytic agents in drug trials, is not
appropriate as a diagnostic technique. The dynamic eval
uation of urethral sphincter function by the use of anal or
skin-mounted electrodes is inaccurate. Accurate electro
myographic evaluation of the urethral sphincter is possible
with a concentric needle electrode but it is a painful inves
tigation and cannot be carried out during voiding.

URETHRAL PRESSURE MEASUREMENT
At rest, the urethra is closed and this must be recognized
when interpreting the results of urethral pressure studies.
The urethral pressure and the urethral closure pressure are
therefore idealized concepts which represent the ability of
the urethra to prevent leakage. In current urodynamic prac
tice, the urethral pressure is measured by a number of
different techniques which do not always yield consistent
values. Not only do the values differ with the method of
measurement but there is often lack of consistency for a
single method. For example, the effect of catheter rotation
when urethral pressure is measured by a catheter-mounted
transducer and the considerable artefacts which automati
cally result from the introduction of any catheter into the
urethra.

Technique. Measurements may be made at one point in
the urethra over a period of time or at several points along
the urethra consecutively, forming a urethralpressure profile
(UPP).

At rest, the UPP denotes the intraluminal pressure along
the length of the urethra. All systems are zeroed at atmos
pheric pressure. For external transducers, the reference point
is the superior edge of the symphysis pubis. For catheter
mounted transducers, the reference point is the transducer
itself. Intravesical pressure should be measured to exclude a
simultaneous detrusor contraction. The subtraction of intra
vesical pressure from urethral pressure produces the urethral
closure pressure profile.

Intraluminal urethral pressure may be measured:

• at rest (the storage phase), with the bladder at any given
volume: restingurethralpressure profile

• during coughing or straining: stress urethral pressure
profile.

Ambulatory urodynamics. This form of cystometry
overcomes some of the problems associated with conven
tional urodynamics. The equipment is portable, allowing the

subject to move freely and void in private. In addition, the
patient fills her bladder spontaneously after drinking a fluid
load. As the technique is not adequately standardized with
no internationally accepted diagnostic criteria, it is best
regarded as a research tool at present, particularly since
some studies have reported involuntary detrusor contrac
tions in up to 70% of apparently normal subjects.

Urethral pressure profilometry. Although UPP has the
potential to be highly informative, the test has multiple
problems, the most significant being the large overlap in
values obtained from normal and symptomatic patients.
UPP does not discriminate SUI from other urinary dis
orders, provide a measurement of the severity of the con
dition or predict a return to normal following successful
intervention.

Abdominal leak point pressures. Abdominal leak point
pressure (ALPP) is defined as the vesical pressure at leakage
during abdominal stress in the absence of detrusor con
traction. The abdominal stress may be induced by a cough
(CLPP) or a Valsalva maneuver (VLPP), with the two
stressors differing physiologically in particular with regard
to the rate and nature of pressure rise seen. Whilst higher
abdominal pressures can be achieved with CLPP, the VLPP
is better controlled and less variable." Generally, CLPP is
used for patients who do not leak during VLPP measure
ment. The pressure at which the urine is expelled can be
measured visually, fluoroscopically, by flowmetry or by
electrical conductance.

Although the concept of ALPP as a method of investi
gating incontinence is empirically sound, its value is limited
by a lack of standardized methodology. Variations occur in
the type of catheter (transurethral, rectal, vagina), catheter
caliber, bladder volume, and patient position. The exact
baseline used during the test also varies (e.g.zero level or the
level at which the pressure just starts to rise), which can
make a dramatic difference to the ALPP value. For ALPP to
be a valid test, it is assumed that the transurethral catheter
used does not obstruct the urethra or alter coaptation,
straining or coughing does not distort the urethra, and no
pelvic relaxation or contraction occurs. However, it is diffi
cult to know whether these are actually occurring during the
test, which is a major drawback.

Few data are available on the magnitude of the change in
ALPP post-SUI treatment, and how this correlates with
cure, improvement or failure. One general finding is that
VLPP does not change significantly if the treatment fails.
For example, following suburethral sling operations in 30
women, VLPP increased significantly after a successful
operation (mean change: 61.1 cmH20 ; P<O.OOI) but not after
failure (mean change: 9.7 cmH20 , P=0.226).29



Neurophysiologic evaluation. The electrical activity of
action potentials of depolarizing striated muscle fibers in
the urethra can be studied with electromyography using
surface or needle electrodes. Results must be interpreted in
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Diagnostic Evaluation of Anal
Incontinence
Christine Norton

CHAPTER

11
INTRODUCTION
Assessment of anal incontinence (AI) or fecal incontinence
(FI) includes a detailed bowel history,1 inspection of the
bowel by radiology or endoscopy to exclude major bowel
pathology, anorectal physiology studies/ and an endoanal
ultrasound study' to define any structural or functional
abnormality of the anorectum. Anorectal physiology tests
and anal ultrasound are not widely available at present.
Consideration must be given to the possibility of serious
bowel pathology in anyone with a change in bowel habit, and
a colonoscopy is usually the investigation of choice. A his
tory, physical examination, and tests are used in combination
to determine cause/s and contributing factors for fecal
incontinence in each individual. No one of these tests alone
gives a diagnosis or a clear pathway for treatment.

ACTIVE CASE FINDING
Fecal incontinence is perceived by many as an embarrassing,
even humiliating condition. Therefore, there is a reluctance
to admit to symptoms or to present for help.4,5 This places
the onus upon health professionals to actively ask about
symptoms in patients with known risk factors, including
patients with urinary incontinence, pelvic organ prolapse,
and neurologic disorders. However, it cannot be assumed
that all people with symptoms desire intervention.

HISTORY
A detailed history of symptoms, related conditions, and
lifestyle factors is essential to understanding the patient's
condition. Box 11.1 gives an example of a checklist," This
assessment takes time to perform in detail. The assessing
healthcare professional needs to be sensitive to the difficulty
and lack of an appropriate vocabulary many patients expe
rience when voicing their symptoms.

Diaries and symptom questionnaires. In contrast
to urinary incontinence, relatively little work has been done

on development and validation of patient questionnaires
and diaries for Fe Traditionally, many treatment studies
have reported results using changes in composite scores as
the primary endpoint. Box 11.2 gives a commonly used
example," Others are also in use9

, l0 but none has been subject
to rigorous validation. More recently, attempts have been
made to construct questionnaires based on patient experi
ences and to evaluate quality of life!"!' but results from
these have not yet been widely reported.

A diary can give a useful record of the pattern of bowel
activity (Fig. 11.1).

PHYSICAL EXAMINATION
General. General assessment will include the patient's
overall state of health, mobility, and cognitive function.
Dexterity and mobility may determine ability to use the
toilet independently or to perform effective perianal clean
ing after defecation. Minor degrees of soiling can be a simple
matter of limited arm reach and obese buttocks, making
complete removal of stool difficult. Even minor traces of
fecal matter can cause perianal irritation and soreness and
stain the underwear, leading to an odor and hygiene prob
lem. Formal mental testing may be indicated if dementia is
suspected.

Obesity has been found to be a risk factor for FI.
Estimation of the patient's body mass index may indicate
that weight reduction interventions are warranted.

Anorectal examination. Box 11.3 gives a summary of
possible findings from an anorectal examination." The
patient's inability to remove clothing and take up position
for the examination may indicate difficulty with independ
ent toileting in a hurry.

Inspection. Cursory inspection may reveal evidence of
soiling or poor hygiene, local soreness and previous injuries
or scars. Skin tags (often a sign of a chronic anal fissure or
hemorrhoids) or scars can make hygiene difficult. Third- 10&
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Box 11.1 F.cal incontin.nce a.....m.nt checklist

Main Complaint

Duration of symptomsltrigger for onset:

Usual bowel pattern: Any recent change?

Usual stool consistency: 1. Lumps
2. Lumpy sausage
3. Cracked sausage
4. Soft smooth sausage
5. Soft blobs
6. Fluffy, mushy
7.Watery, no pieces

Urge incontinence: Never/Seldom/SometimesiFrequently

Difficulty wiping: Yes 0 No 0 Sometimes 0

Postdefecation soiling: Yes 0 No 0 Sometimes 0

Passivesoiling: Yes 0 No 0 Sometimes 0
Events causing?

Amount of flatus: Control of flatus: Good 0 Variable 0
Poor 0

Ability to distinguish stoollflatus? Yes 0 No 0

Abdominal pain relieved by defecation?

Other pain?

Rectal bleeding?

Mucus?

Nocturnal bowel problems?

ElIIICII.rIon dlftlcultles

Straining?

Incomplete evacuation?

Need to digitate anally, vaginally or to support the perineum?

Painful defecation?

Other current medication:

Other facto,.

Bloating?

Sensation of prolapse?

Padslpants?

Bowel medication?

Past Medical History (Include psychologic)

History of depression/antidepressants?

Physical or social difficulties with toilet access?

Previous bowel treatments and results

Obstetric history: Parity: Difficult deliveries or heavy babies?

Dietary influences:

Smoker?

WeightlHeightIBody Mass Index

Fluids (caffeine)

Skin problems

Bladder problems

Effect on IifestylelrelationshipsiemotionaVpsychologic effect

Examination and results of anal ultrasound and anorectal
physiology studies

How much?

Time can defer for:

FfH2llncontinem:e

How often?

Urgency?

Note: in clinicsl pr8ctice this 8ssessment tool is 18idout over three peges.
From reference 6, with permission.

From reference 8, with permission.

Box 11.2 St Mark's Hospital fecal contln.nce score

Total score

Never Rarely Sometimes Usually

<1 mth <1 week <1 day

Solid 0 2 3

Liquid 0 2 3

Gas 0 2 3

Lifestyle 0 2 3

108

Always

daily

4

4

4

4

No Yes

Need to wear a pad/plug/change underwear 0 2
for soiling

Taking constipating medicines 0 2

Lackof ability to defer defecation for 15 minutes 0 4

degree hemorrhoids may leak mucus or blood, as may a
perianal fistula. The perineum may be attenuated or even
absent in a cloacal deformity (congenital or secondary to
obstetric or other trauma). Previously undetected congenital
anorectal anomalies may be found, even in adults. Inspection
of the lower back for sacral dimples may lead to a suspicion
of occult spina bifida.

Occasionally other perianal conditions such as warts or
dermatitis may be found. In cases of major sphincter damage
or neuropathy, examination may reveal an anus which is
completely patulous at rest. In less severe cases, minor trac
tion at the anal verge will cause a profound anal relaxation
with associated FI. Some patients have a "funnel-shaped"
anus after previous anal surgery." This can lead to trapping
of soft stool at the end of defecation which is not wiped
away with routine cleaning and subsequently stains the
underwear.



PHYSICAL EXAMINATION I
StMark's Hospital Bowel Diary Box 11.3 Physical examination results

Special instructions
Please tick inthe shaded column each time you open your bowels inthetoilet.
Please tick inthe wMecolumn each time you have a bowel accident or leakage.
Write P if you need tochange a pad orpants.

Rectal content

Soft tissue scarring

Rectocele

Intussusception

Rectovaginal fistula

Anal canal length

Anorectal anomalies

Puborectalis tone and
motion

Endoscopy

Intussusception

Solitary rectal ulcer

Scarring

Mucosal defects

Neoplasm

Inflammation
Inflammatory bowel
disease
Infectious colitis
Others

Fistula

Inspection

Perineal soiling

Scars

Anal closure

Muscular defect

Loss of perineal body

Rectal prolapse

Muscular contraction

Perineal descent

Anal skin reflex to pinprick

Anatomic anorectal
pathology

Hemorrhoids
Skin tags
Fistula
Mucosal ectropion
Fissure
Others

Palpation

Resting tone

Squeeze tone

Sphincter defects

From reference 9, with permission.

often have an internal and external component. Prolapsing
hemorrhoids may only be evident on straining. Third-degree
hemorrhoids are evident on inspection of the anus.

Week beginning _

D.t =bowel accident
P =pad/pants change

Name _

Key 1II.t =bowels open intoilet

b~
'?~t::'

6am
7am
8am
9am

10am
11am
Noon
1pm
2pm
3pm
4pm
Spm
6pm
7pm
8pm
9pm

10pm
11pm

Midnight
1am
2am
3am
4am
Sam
Total

Figure 11.1 Example of a bowel diary.

Digital examination. Digital anal and rectal examination
may indicate a low resting pressure in the anus, with very
little resistance to finger insertion, suggesting internal anal
sphincter weakness. The patient is then asked to squeeze on
the examining finger and this may show a very uncoordi
nated response, or a weak squeeze pressure or rapid fatigue
of that squeeze. However, findings should be interpreted
with caution as examiner estimate of pressures shows a poor
correlation with those measured objectively during manom
etry. It may also be possible to detect a low rectal lesion or a
rectocele, or rectal loading in older and disabled patients.

Proctoscopy. Proctoscopic examination may reveal hem
orrhoids, an anal fissure, prolapse of the rectal mucosa or
other anal lesions. After insertion of the proctoscope, the
central introducer of the proctoscope is withdrawn, allowing
visualization of any hemorrhoids which will bulge into the
anal lumen in the 3, 7, and 11 o'clock positions, and as the
instrument is withdrawn their extent is noted. Hemorrhoids

Rectal prolapse. It is notable that some patients with a
frank prolapse are unaware of it. Patients reporting symp
toms which might relate to a rectal prolapse (a sensation of
the rectum protruding, needing to "push something back"
after defecation or vigorous exercise, dragging, obstructed
defecation, loss of formed stool without sensation in the
absence of major neurologic diesase, or copious mucus
leakage) should be examined with this possibility in mind.
Few rectal prolapses are visible with the patient at rest and
even upon bearing down or straining in the left lateral
position, a prolapse may be easily missed. The patient may
be reluctant to push strongly for fear of passing flatus or
stool. By far the best position to examine for prolapse is with
the patient squatting or sitting on the toilet. The patient
should be left in privacy and instructed to strain maximally
for 1-2 minutes. The examiner then leans the patient for
ward on the toilet and inspects for visible protrusion of the
rectal mucosa. It is usual to report findings as partial or
circumferential, and mucosal or full-thickness prolapse, with
an estimation of the length of the prolapse beyond the anal
verge. 107
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Neurologic examination. Cursory evaluation of sensa
tion and reflexes may indicate deficiencies which warrant
more formal neurologic evaluation. Bowel problems can be
the first symptoms of multiple sclerosis or other spinal
disorders.":"

Endoscopy. Patients with FI associated with an unex
plained change in bowel habit may need exclusion of a
malignancy or other bowel pathology such as inflammatory
bowel disease or diverticular disease. This is particularly
important if there is associated rectal bleeding, weight loss,
anemia, and/or a strong family history in a patient over
55 years old. Colonoscopy is the investigation of choice,
although barium enema may be more easily available in
some centers and CT "virtual colonoscopy" is rapidly devel
oping. In skilled hands and with good bowel preparation,
complete views of the entire mucosa as far as the terminal
ileum are achieved in the majority of cases.

Many patients are very concerned that their symptoms
may herald a sinister bowel condition and even if the find
ings are negative, are greatly reassured on being told that
symptoms are "benign," especially if they have had personal
experience of friends or relatives with bowel cancer, which is
today the second most common malignancy in western
Europe. Solitary rectal ulcer syndrome may be visualized in
patients who are chronically straining.

ANORECTAL PHYSIOLOGYTESTING
There is a variety of tests which are often performed
together and usually referred to together as anorectal
testing. Different laboratories will perform different com
binations, often to very different protocols, with little stan
dardization and no generally established normal ranges in
most cases.17 Unlike urodynamic testing, where international
consensus has been developed on terminology and methods,
this usually means that each set of tests has to be interpreted
in the light of local norms and in the knowledge of the
protocol used."

Traditionally, the patient is positioned in the left lateral
position with knees bent throughout these tests, which are
normally performed sequentially. It is not usual to give any
bowel preparation prior to the tests.

Manometry. Various different equipment is available for
measuring anal pressures. Solid state, a single air- or water
filled micro balloon, or single- or multiple-channel (usually
four or eight channels) water-perfused systems are all in use.
Many are linked to computerized recording and interpre
tation systems. Any digital or instrumental examination of
the anus is avoided for 20-30 minutes prior to manometry as
this can affect the results (for example, manometry should not
be done immediately after anal ultrasound or proctoscopy)."

The anal probe is inserted through the anal canal into the
rectum (over 6 em insertion will ensure that the anal margin
is cleared). The probe is then gradually withdrawn, usually
in 0.5 em stages, and the resting pressure in the anal canal
noted. This will enable an estimation of total functional
anal length (the distance between first pressure rise as the
probe leaves the rectum and enters the upper anus, until it
reaches the anal verge and pressure is equal to atmospheric
pressure). Resting pressure is mostly contributed by the
internal anal sphincter and anal blood flow. Low pressure
may indicate lAS weakness or disruption as seen on ultra
sound and is usually associated with symptoms of passive
fecal soiling." It is usual to report the maximum resting
pressure.

The probe is then reinserted and squeeze increments over
resting pressure are recorded. This may just be at the point
of maximal resting pressure or, more usually, a squeeze
profile, with squeeze effort recorded at 0.5 em intervals in
the anal canal. It is usual to report the maximum squeeze
increment over baseline resting pressure, usually repeated
several times to check consistency. It is important to check
that the patient is not straining or bearing down instead of
squeezing as this can result in an artefacrual high pressure.
An endurance squeeze (ability to hold a squeeze before
fatiguer" and a cough reflex may also be recorded (pressure
increment above resting pressure during a forceful cough,
reflecting reflex activity of the EAS). Figure 11.2 shows
a typical manometric record. It is technically possible to
perform ambulatory monitoring of manometric pressures
but the clinical significance of findings has yet to be
determined. IS

Vector manometry uses computer manipulation of the
readings from a multichannel anal probe to construct a
three-dimensional reconstruction of an anal pressure profile
(Fig. 11.3). This can be especially useful for anal mapping
where no anal ultrasound is available and can help to
identify occult sphincter injuries."

Rectal sensation to distension. Rectal sensitivity to
filling is usually tested using a rectal balloon which is seated
just inside the rectum and gradually distended with air
or water. The patient is asked to note the first sensation of
rectal filling, when an urge to defecate is experienced and
then when maximum tolerable volume is reached. The
volume in the balloon is recorded at each point. The results
will vary with the compliance of the balloon employed and
whether air or water is used.

While exact values are not significant, the test may
indicate a hypersensitive or very low-volume noncompliant
rectum if all volumes are very low. If the volume for first
sensation is above that expected, there may be a neuropathy.
Some biofeedback protocols are designed to address delayed
first sensation and aim to enable the patient to detect rectal



ANORECTAL PHYSIOLOGY TESTING I
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contents at progressively lower volumes22
,2 3 (see Chapter 16

for more details). High volumes at all three points may
indicate a megarecrum. Absent sensation is usually a marker
for a major neurologic disorder. Filling of the balloon is
usually stopped at 500 ml if no sensation is elicited.

Rectoanal inhibitory reflex. The normal response to

rectal filling of sufficient volume is reflex anal relaxation.
This is to allow the "sampling" described in Chapter 3.
Absence of this reflex is a strong indication that
Hirschsprung's disease may be present. An alternative is
major neuropathy.

To perform this test, both a rectal distension balloon and
an anal pressure probe are positioned. The rectal balloon is
rapidly inflated and deflated with 50 ml of air (or a larger
volume if this produces no response) and the anal pressure
is observed. Normally, there should be a momentary reflex
pressure rise (contraction of the EAS) followed by an inhi
bition and fall in anal pressure, which usually lasts 5-10
seconds until it recovers its resting value (Fig. 11.4). This
response can be profound and prolonged in neuropathy but
its presence excludes Hirschsprung's disease.

Figure 11.3 Vector manometry.

Balloon expulsion test. A rectal balloon is inflated
with air or water, either to a preset volume or until the
patient experiences an urge to defecate. The patient is then
instructed to attempt to expel the balloon in simulation of

109
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Electrosensitivity testing. A ring electrode mounted
on a tube is inserted into the anal canal and a low-frequency
current is gradually switched up until the patient can feel it.
This threshold is recorded. Several trials are usually made to
ensure consistency and to overcome any learning effect.
This is then repeated at a higher frequency in the rectum. If
there is stool in the rectum, recording may not be accurate

EMG. Surface EMG is not validated for assessment of
anorectal function." EMG mapping of the anal sphincter
via needle electrodes is a sensitive measure of EAS and
puborectalis function and denervarion" and was once the
best way to detect sphincter dysfunction or defects.
However, it is painful for the patient and is largely super
seded by anal ultrasound, except as a research tool.

ANAL ULTRASOUND
The advent of endoanal ultrasound has revolutionized both
understanding and investigation of FI.28

,29 Manometry may
offer little extra information where ultrasound is available.'?
The images have been validated both with EMG sphincter
mapping" and histologically," Interrater and intrarater
variability can be a problem.Pr" Although the initial invest
ment in equipment is costly, the test itself is relatively quick
and simple, taking 5-10 minutes. Except in cases of clear
sphincter rupture, it would now not be considered ethical in
many setting to proceed to secondary anal sphincter repair
without this test.' However, interpretation of the images is

Perineal descent. Especially after childbirth, women
may have a lax perineum, which may be associated with
either FI or evacuation difficulty. It is possible to measure
the position of the perineum at rest, relative to bony
landmarks, and during bearing down or straining to measure
the degree of movement by using a specially constructed
perineometer.

Saline retention test. This test involves infusing up
to 1500 ml of saline into the rectum via a catheter and
observing the volume infused when the patient first experi
ences anal leakage of the saline." The test does discriminate
continent from incontinent people both in rectal volumes
tolerated and the detection of leakage." It is less used than
formerly.

Pudendal nerve terminal motor latency
(PNTML). A specially constructed finger electrode is worn
and used to stimulate the pudendal nerve during rectal
examination. The time from stimulation until reflex
contraction of the anus is measured electronically. It was
once thought that a prolonged latency time related to
neurologic damage, often as a consequence of childbirth,
and that this could predict response to treatments such as
surgery. Delayed or prolonged latency time was taken as a
surrogate marker for pudendal nerve injury." However, the
test is very open to operator variation and is not supported
by neurophysiologic theory. Thirty-one percent of patients
with bilateral neuropathy have normal sphincter function
and 49% of those with normal PNTML have reduced
squeeze pressures."

Expert opinion does not support the validity or reliability
of this test l8

,25 and its use is decreasing. However, it is still
widely quoted, especially in outcome studies.

and it is occasionally necessary to ask the patient to empty
the rectum and repeat the test if an abnormal result is
obtained. High sensory thresholds are often a marker for
hindgut denervation."

y

Resting pressure

'---y----J

Internal anal
sphincter relaxation

Insertion ofSOml air

'-y--------'

Resting pressure

defecation and observed for coordination of this defecatory
effort. Some patients will demonstrate massive straining
effort but with no movement of the balloon; a few will have
a true "paradoxic contraction" or "anismus" of the puborec
talis and anal sphincter," suggesting that FI may be
secondary to an evacuatory difficulty with incomplete rectal
emptying. Alternatively the balloon may be expelled with
little or no effort at all, suggesting minimal sphincter resist
ance, or rectal prolpase may be observed during the
expulsion effort.

Figure 11.4 Rectoanal inhibitory reflex.

Barostat compliance testing. Compliance testing
measures rectal distensibility, the ability of the rectum to
hold a larger volume of stool at a given pressure. A normal
rectum is compliant, with an increase in volume resulting in
little or no pressure rise." If compliance is poor, urgency and
frequency may result." The barostat machine distends a
rectal balloon in a controlled ramping of volume and
measures the pressure-volume relationship (compliance
curve).
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not always straightforward and remains a skilled procedure
requiring expert training, with interpretation being very
operator dependent."

No preparation is needed prior to the procedure. It is
usual to examine the patient in the prone position, as a
lateral position can artificially distort the symmetry of the
image. The ultrasound probe is inserted into the rectum and
then slowly withdrawn. Standard axial imaging of the anal
canal with a 10 MHz mechanical rotated crystal gives a 3600

image of the typical four-layer pattern of the sphincters. The
image is seen in real time and is usually recorded for later
review or printing. Several structures can be seen quite
clearly (Fig. 11.5).

The subepithelial layer is moderately reflective. The
internal anal sphincter shows as a dark well-defined low
reflective ring. Its diameter can be accurately measured.
Normally the lAS thickens with age so that the normal
diameter of 1-2 mm in young adults increases to 2-3 mm in
middle age and over 3 mm in older adults." Idiopathic
degeneration of the internal sphincter" can be diagnosed by
an abnormally thin lAS for the patient's age. Abnormal anal
distension may result in a completely fragmented lAS, as
after an anal stretch. Iatrogenic surgical injury, such as fol
lowing sphincterotomy or hemorrhoidectomy, may show as
a single defect in the lAS. Damage resulting from past or
present anal sepsis may also be defined.

The longitudinal layer is a complex structure with a large
fibroelastic" and muscle component, the latter formed from

MAGNETIC RESONANCE IMAGING I
the puboanalis as well as the longitudinal muscle of the
rectum.

The external anal sphincter shows as light bands of
muscle surrounding the lAS. The external sphincter is better
defined in men than women, in whom it tends to be similar
in reflectivity to the longitudinal layer. It is then distin
guished only by interface reflections between muscle/fat
planes either side. High in the anal canal, the puborectalis
shows as an incomplete symmetric muscle ring, especially in
women. Care is needed not to misdiagnose this normal
anatomy of a shorter sphincter anteriorly than posteriorly as
a high EAS defect. For the distal two-thirds of the anal canal,
the EAS should form a complete ring. The transverse
perineii fuse anterior with the sphincter in women, whereas
in men they remain separate." EAS disruption or scarring
can be visualized and accurately located (Fig. 11.6). Muscle
quality or degeneration can also be suspected, although this
is better quantified objectively on MRI (see below).

A probe designed for transvaginal examination may be
used in women to image the sphincters from the perineurn.t"
Three-dimensional anal ultrasound uses computer recon
struction to give 3D images of anal structures. At present this
is largely a research tool."

MAGNETIC RESONANCE IMAGING
Magnetic resonance imaging can be used as an alternative or
adjunct to anal ulrrasound/" Dedicated endoanal coils are

Figure 11.5 Normal anal ultrasound.

Sub-epithelium

Intemal anal
sphincter

Longitudinal
layer

Extemal
anal
sphincter
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Figure 11.6 Anal ultrasound-EAS disruption.

not widely available but could be used with any magnet. The
coil is inserted with the patient in the left lateral position,
then the patient is turned supine and the coil wedged in
position with sandbags. The total examination time is about
20 minutes. During a sequence, which takes up to 5 minutes,
the patient must remain still as any movement degrades the
Image.

Enterocoele

Rectocoele

T2-weighted sequences in axial, coronal, and sagittal
planes are acquired. The smooth muscle of the internal
sphincter is higher in intensity than striated muscle of the
external sphincter. Fat is much brighter than either. This
gives the major advantage of the MRI: the clarity with which
the quality of the external sphincter may be assessed.MRI is
superior to ultrasound in diagnosis of perianal sepsis and in
quantifying external anal sphincter muscle degeneration.v'"
Poor-quality muscle as diagnosed on MRI has been found to

be associated with poor results from anal sphincter repair."
However, interobserver reproducibility may not be as good
as for anal ulrrasound.i':"

Dynamic MRI allows visualization of all pelvic organs
and the pelvic floor and puborectalis in motion, such as
during srraining."

PROCTOGRAPHY
A defecating proctogram can be used to define the extent
and possible significance of a rectocele and to look for
intrarectal or intraanal intussusception of the rectal mucosa,
or rectal prolapse."

The rectum is catheterized and filled with 120 ml of
barium paste. The small bowel is opacified with a dilute
barium suspension (taken 30 minutes before the procedure).
The patient is then seated on a radiotranslucent commode
and asked to pass the barium in simulated defecation with
screening from the side (Fig. 11.7). Ability to retain the paste
prior to defecation may be impaired in severe sphincter

Figure11.7 Proctogram.

Intra-anal
intussusception

Pelvic floor
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dysfunction. The anorectal angle can be assessed at rest
and during defecation. At rest, the anorectal junction is at
the level of the ischial tuberosities and the anal canal is
closed. Normal function is indicated by relaxation of the
puborectalis with opening of the anal canal and rapid and
complete evacuation within 30 seconds. During evacuation,
the anorectal angle widens as the anorectal junction
descends and the anal canal opens. At the end of evacuation,
pelvic floor tone returns and the puborectalis pulls the
anorectal junction upwards and forwards, back to the resting
position.

Slow evacuation (less than two-thirds evacuated within 30
seconds) with poor opening of the anal canal is typical of
anismus." A rectocele is measured from the anterior margin
of the anal canal to the anterior aspect of the rectocele. This
is common and usually asymptomatic. An anterior bulging
greater than 3 ern, with paste in a rectocele, is considered
significant if this does not empty completely at the end of
evacuation. In this situation, the patient is asked to apply
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FURTHER TESTS I
digital pressure to the perineum or the posterior vaginal
wall. If the rectocele then empties completely, this usually
indicates that a satisfactory result would be obtained from
surgical rectocele repair. Complete rectal prolapse will
usually already have been diagnosed on clinical examina
tion, but more minor degrees can be visualized. However,
the clinical significance of mucosal prolapse is controversial.

FURTHER TESTS
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Diagnosis of Pelvic Organ Prolapse
Michael K Flynn and Cindy L Amundsen

CHAPTER

12
INTRODUCTION
In an age in which imaging modalities are used to diagnose
an ever-increasing number of medical conditions, pelvic
organ prolapse (POP) remains one of the few conditions that
continue to be diagnosed primarily by the patient's history
and physical examination. POP is a very complex condition
ranging from an asymptomatic bulge into the vaginal canal
to complete uterine procidentia.

The diagnosis of POP can be complicated by several
factors. There is an absence of a clear universally accepted
definition of normal and abnormal pelvic support. While a
trained practitioner can easily identify anatomically perfect
pelvic support and a lay person can easily identify proci
dentia as pathologic, the clinical significance of more mild
POP remains unclear. Indeed, many question whether the
anatomic stage I or stage II POP is truly abnormal as it may
occur in up to 50% of asymptomatic women presenting for
routine gynecologic care.' Besides the absence of universally
accepted definitions of POp, the symptoms of POP are often
vague and difficult to correlate with objective findings.
Finally, POP is often associated with dysfunction in the
bladder or rectum and distinguishing symptoms due to POP
from symptoms due to dysfunction in those systems can be
exceedingly difficult, particularly if the symptoms are out of
proportion to the degree of prolapse observed.

Despite these limitations in the diagnosis of prolapse,
POP clearly exists and in many cases is amenable to repair.
When diagnosing POP, one should both identify the affected
areas of pelvic support and characterize the severity of the
defect and associated symptoms in each compartment.

The vagina is divided into three areas of distinct support:
the anterior, apical, and posterior compartments. The ante
rior and posterior compartments may be further divided into
proximal and distal segments. These distinctions are based
on the nature of the anatomic support for each compartment
as well as the nature of symptoms associated with support
defects in each compartment. The compartment involved
along with the severity of the anatomic defect and the

associated symptoms generally determine how the prolapse
is treated.

The severity of the anatomic defect can be measured
objectively with quantification systems such as the Pelvic
Organ Prolapse Q!Iantification (POP-Q) system. Because
POP is not associated with significant morbidity or mortal
ity, symptom severity is determined with changes in the
patient's quality of life and can be quantified with validated
disease-specific quality of life (QOL) questionnaires. Once
the defects and symptoms have been identified, severity
characterized and associated pelvic organ functions assessed,
POP can be diagnosed and treated appropriately.

QUANTIFICATION OF PROLAPSE:THE
POP-Q SYSTEM
Before discussing the clinical evaluation of POP, it is worth
reviewing the system used to quantify POP. Until the mid
1990s most surgeons used the Baden Walker system for
classification of severity of POP.2 In 1996 Bump et al pub
lished the International Continence Society's Pelvic Organ
Prolapse Quantification (POP-Q) system designed to objec
tively measure the degree of prolapse in the anterior, apical,
and posterior vaginal compartments.' This is now the rec
ognized classification system for prolapse staging for the
International Continence Society, American Urogyneco
logic Society, and the Society of Gynecologic Surgeons.

Figure 12.1 shows the classic schematic diagram of the
different measurements taken for the POP-Q system as
described by Bump et aI, superimposed on a sagittal view of
the female pelvis to better demonstrate the significance of
each point and their relationships to important anatomic
structures." The system emphasizes the use of terms
referring to the vaginal compartments (anterior, posterior,
and apical) as opposed to the traditional terms (cystocele,
enterocele, and rectocele) because the latter implies that the
corresponding organs are involved without any ancillary
evidence. For instance, it is not uncommon for a posterior

115



118

CHAPTER 12 • DIAGNOSIS OF PELVIC ORGAN PROLAPSE

Figure 12.1 Nine measurements are used to evaluate pelvic organ
support.This drawing demonstrates stage 0 prolapse. See text for
explanation of the definitions of each point (Reproduced with
permission from Prietto NM, Luber K, Nayen C. OBS Management
2003; May:SQ-9S14

. )

vaginal wall defect to be called a rectocele without showing
that the organ filling the defect is not small bowel or other
structure. Using references to the vaginal compartments
avoids this potential error.

The figure shows the nine measurements (Aa, Ba, C, D,
Ap, Bp, GH, PB, and TVL) that comprise the POP-Q The
anterior compartment is characterized by Aa and Ba, the
vaginal apex by C and D, and the posterior compartment
by Ap and Bp. GH, PB, and TVL represent the genital
hiatus, perineal body, and total vaginal length respectively.
We recommend performing these measurements with the
patient either in the supine position or at a 45° angle seated
in a birthing chair. Ideally, these points are taken at the
point of maximal prolapse, which is best achieved with the
patient performing a Valsalva maneuver. An instrument such
as a sponge forceps, marked in 1 ern increments, facilitates
obtaining these measurements. All measurements of the
vaginal compartments are made using centimeters in
relation to the hymeneal ring, with negative values reflecting
maximal descent above the hymen and positive numbers
reserved for prolapse beyond the hymen. The points are
defined as follows.

Aa: a fixed point on the midline of the anterior vaginal
wall that is 3 cm proximal to the urethral meatus. Once
this point has been identified, its relationship to the hymen
at maximal prolapse is measured. By definition, it is -3 in
a patient with perfect support and +3 when completely
prolapsed.

Ba: a floating point located between Aa and C. It is
defined as the point between Aa and C that prolapses the
lowest at maximal strain. In an anatomically normal woman,
it is equal to Aa or -3 and in a woman with complete
procidentia, is equal to point C. This site is best located by
placing the posterior blade of a bivalve speculum in the
vagina against the posterior vaginal wall, taking care to avoid
blocking descent of the cervix or vaginal cuff.

Ap: a fixed point 3 cm from the hymen in the midline of
the posterior vaginal wall. Once this point is identified, its
relationship to the hymen during Valsalva is measured. By
definition, Ap is -3 in the absence of prolapse and +3 when
completely prolapsed.

Bp: a floating point that is identified in a manner identical
to Ba except that it is in reference to the posterior vaginal
wall. By definition, Bp is equal to Ap or -3 in the absence of
posterior compartment prolapse and equal to point C in the
patient with complete procidentia.

C: refers to the most dependent edge of the cervix or the
vaginal cuff in patients with posthysterectomy prolapse.

D: refers to the posterior fornix in the patient who still
has a cervix. This measurement is eliminated in the post
hysterectomy patient. This point is crucial in the distinction
of cervical elongation from uterine prolapse.

TVL: is the total vaginal length. The prolapsed vagina is
placed back in the pelvis and the greatest length from the
apex to the hymen is measured.

GH: the distance from the posterior midline hymen to
the middle of the urethral meatus.

PB: the distance from the posterior midline hymen to the
midanal opening.

POP-Q staging. Once the POP-Q measurements have
been obtained, the prolapse can be staged. The POP-Q
measurements are divided into the anterior, posterior, and
apical compartments and each compartment staged
separately as follows.

Stage 0: is near-perfect anatomic support with no pro
lapse. It is demonstrated by Aa, Ba, Ap, and Bp all equal to 
3 and no more than 2 cm difference between TVL and C.

Stage I: defined as any value of Aa, BA, Ap, Bp or C
greater than -1 (i.e. prolapse is present but no point is lower
than 1 em above the hymen).

Stage II: defined as the leading edge of prolapse being
within 1 cm of the hymen. It may be 1 em above the hymen
or extend to 1 ern beyond the hymen.

Stage III: defined as the leading edge of the prolapse
being greater than 1 cm beyond the hymen but the differ
ence between C and TVL is greater than 2 ern.

Stage IV: the difference between C and TVL is less than
2, indicating complete vaginal eversion.
The significance of the stages is yet to be proven as a reliable
scale for POP severity. For instance, stage I prolapse may
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represent normal for many women. I
,5,6 However, the staging

system clearly describes increasingly severe anatomic
prolapse along an ordinal scale. This may be more useful in
the quantification of differences between preoperative and
postoperative prolapse as well as for the assessment of
changes in POP severity over time.

OBTAINING A CLINICAL HISTORY OFA
PATIENT WITH PELVIC ORGAN PROLAPSE
As with any medical condition, the evaluation of the patient
begins with a thorough history designed to elicit the nature
and severity of the patient's chief complaint. Patients with
POP most commonly complain of either pelvic or vaginal
pressure or else of "something bulging" out of the vagina.7

,8

The symptom of pelvic pressure is present in 60-75% of
patients with demonstrable POp.9

,IO However, while this is
a common complaint in patients with POP, it correlates
weakly with the severity of prolapse and does not correlate
at all with prolapse from a specific compartment," The
complaint of protrusion from the vagina is less common
than that of pelvic pressure but is better correlated with
increasingly anatomically severe prolapse.S'" Historically,
clinicians have attributed other symptoms such as pelvic
pain or low back pain to POP but recent studies have shown
that the symptoms are neither specific nor sensitive for
POp.5,9- 11

When a patient presents complaining of pressure or a
bulge, clinicians should inquire about the specific charac
teristics of the symptoms. In particular, details should be
obtained concerning the onset and duration of the symp
toms as well as the absence or presence of any associated
pain or bowel, bladder or sexual dysfunction. If the symp
toms vary with activity (walking, standing or lifting), posi
tion (sitting, standing or lying down), diet, bowel activity or
intercourse, the details should be documented. If the patient
complains of a protrusion, how far out does the mass
protrude from the vagina? Is it visible? Does it need to be
replaced for complete bowel or bladder erupting (splinting)?
How do these symptoms affect her life and ability to
participate in social activities? If a clinician is not adminis
tering one of the disease-specific QOL questionnaires, he
or she should completely explore and document the effect
of the prolapse on the patient's social and emotional well
being.

The clinician should also specifically inquire about symp
toms associated with the pelvic organs, including the bowel,
bladder, and vagina. In particular, the respective function of
these organs, including urine storage and emptying, fecal
and flatal storage and evacuation and sexual function, should
be systematically explored. It is very common to find symp
toms associated with these organ functions in patients with
POP and the astute clinician will systematically explore

these systems for evidence of dysfunction when evaluating
a patient with POp'9,12- 16 Patients should be asked about
symptoms of stress and urge urinary incontinence (urgency,
frequency or urinary leakage). Should the patient acknowl
edge urinary leakage, she should be evaluated for inconti
nence and the reader is referred to Chapter 10 for further
information on this.

Stress urinary incontinence may correlate with mild stage
I or II anterior prolapse but is often absent in advanced
prolapse.9

,17 Other urinary symptoms that may relate to POP
include signs of difficulty with voiding such as urinary hesi
tancy, intermittent flow, a weak urinary stream, the sensation
of incomplete emptying, needing to replace the bulge into
the vagina (splinting) to empty the bladder or need to
change positions on the commode to empty the bladder.
Unfortunately, while these symptoms may be present in up
to 50% of patients with POP, they surprisingly do not corre
late well with anterior compartment defects. In fact, several
studies have indicated that isolated apical and posterior
defects may significantly affect urinary flow and bladder
emptying9

,IO,13,17 so such symptoms should not be considered

indicative of an anterior defect. In addition, one must be
aware that these urinary symptoms may be caused by dys
function of the bladder itself rather than the vaginal
prolapse.

The clinician should also explore symptoms of defecatory
and sexual dysfunction. The most common defecatory
symptom associated with POP is constipation.v'" Unfor
tunately, it is not clear whether constipation precedes
prolapse or if it is a result of the prolapse. Most authors feel
that long-standing constipation plays a role in the etiology of
prolapse but can also be exacerbated by the prolapse.l't"
Fecal or flatal incontinence is occasionally found in
association with pap, particularly in those patients with
distal posterior or perineal defects.v'" The reader is referred
to Chapter 11 for details on the proper evaluation of anal
incontinence. Other symptoms that may suggest defecatory
problems include the need to splint the vagina to empty
the bowels, incomplete evacuation or digital evacuation of
stool. These symptoms do not correlate well with a specific
anatomic compartment, although they tend to be found in
conjunction with posterior or apical defects. 9

, ' 9,2o

Finally, sexual activity is often impaired in this group and
up to 40% of patients will not be sexually active due to the
prolapse.F Inquiring about sexual activity is an important
part of the assessment of quality of life and the reason for
any abstinence from sexual activity should be sought. Even
if the patient is sexually active, she should be asked about
dyspareunia or other difficulties with intercourse.

POP is not generally associated with marked morbidity
or mortality but is associated with a significant decrease
in quality of life. Therefore questions concerning this
should be asked. Recently, two questionnaires, the Pelvic
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Floor Distress Inventory (PFDI) and Pelvic Floor Impact
Q!Iestionnaire (PFIQ), have been validated for use in the
assessment of POP.21 These questionnaires, shown in Boxes
12.1 and 12.2, may not be diagnostic per se of POP but can
be used as a measure of the impact that POP is having on the
patient and they do correlate with severity of the prolapse."

Patients with POP have a high incidence of prior prolapse
repairs and the past surgical history should specifically com
ment on the details concerning prior urologic, gynecologic
or hernia surgeries. Reports of prior diagnostic procedures,
operative notes, and discharge summaries should be
requested and reviewed if available.

Finally, as with all medical conditions, a thorough past
medical history should be obtained. The past medical his
tory and review of systems should also specifically charac
terize any medical conditions that may be relevant to the
management of POP. In addition, because POP tends to
occur in older populations, there is a greater prevalence of
cardiovascular, pulmonary, renal, and cognitive disorders
that may dramatically affect the patient's surgical risk profile
and alter available therapies.

PHYSICAL EXAMINATION OFTHE PELVIC
ORGAN PROLAPSE PATIENT
As with any patient evaluation, the physical examination
should include a complete evaluation of organ systems
outside the pelvis. The prevalence of POP increases with
age and is often managed surgically. Attention needs to be
paid to screening for signs of cardiovascular, pulmonary,

Box 12.1 Short fonn: Pelvic Floor Impact
Questionnaire 7-item. Patients are asked to select the
best answer to each question

Name _

Has your prolapse affected your:
1) Ability to do household chores (cooking,

housecleaning, laundry)?
o Not at all 0 Mildly 0 Moderately 0 Severely

2) Physical recreation such as walking, swimming or
other exercises?
o Not at all 0 Mildly 0 Moderately 0 Severely

3) Entertainment activities (movies, church)?
o Not at all 0 Mildly 0 Moderately 0 Severely

4) Ability to travel by car or bus more than 30 minutes
from home?
o Not at all 0 Mildly 0 Moderately 0 Severely

5) Participation in social activities outside your home?
o Not at all 0 Mildly 0 Moderately DSeverely

6) Emotional health (nervousness, depression)?
o Not at all 0 Mildly 0 Moderately 0 Severely

7) Feeling frustrated?
o Not at all DMildly DModerately DSeverely

Box 12.2 Short fonn: Pelvic Floor Distress Inventory
22-item. For each question, patients fill in the blank
with each phrase undemeath the question. The same
multiple-choice responses (not at all, mildly,
moderately, severely) used for the PFIQ-7 are used for
the PFDI·22

POPDI-6

Do you usually , and if so how much are you
bothered by:

1. experience pressure in the lower abdomen
2. experience heaviness or dullness in the abdomen or

genital area
3. have a bulge or something falling out that you can see

or feel in the vaginal area
4. have to push on the vagina or around the rectum to

have or complete a bowel movement
5. experience a feeling of incomplete bladder emptying
6. have to push up on a bulge in the vaginal area with

your fingers to start or complete urination

CRADI-8

_____" and if so how much are you bothered by:
1. Do you usually feel you need to strain too hard to

have a bowel movement
2. Do you usually feel you have not completely emptied

your bowels at the end of bowel movement
3. Do you usually lose stool beyond your control if your

stool is well formed
4. Do you usually lose stool beyond your control if your

stool is loose or liquid
5. Do you usually lose gas from the rectum beyond your

control
6. Do you usually have pain when you pass your stool
7. Do you usually experience a strong sense of urgency

and have to rush to the bathroom to have a bowel
movement

8. Does part of your bowel ever pass through the rectum
and bulge outside during or after a bowel movement

UDI-8

Do you usually have , and if so how much are
you bothered by:

1. frequent urination
2. leakage related to feeling of urgency
3. leakage related to activity, coughing or sneezing
4. leakage when you go from sitting to standing
5. small amounts of urine leakage (that is, drops)
6. difficulty emptying the bladder
7. pain or discomfort in the lower abdomen or genital

area
8. pain in the middle of your lower abdomen as your

bladder fills

renal, and cognitive disorders common in this group. If any
signs or symptoms of significant disease are found in these
systems, formal consultations from appropriate specialists
should be considered.

Because POP is a problem confined primarily to the
pelvis, the pelvic examination is the single most important
objective evaluation of prolapse. Instruments that are helpful
in the assessment of prolapse include a bivalve speculum,
sponge forceps marked in 1 ern increments, and cotton
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swabs. With the patient in the lithotomy position, one can
begin with the assessment of the vulva and perineum. Initial
evaluation begins with an overall examination of scarring
and any gross visual deformity of normal vulvar structures.
This should include an assessment of the estrogenization of
the patient's tissue as well as the presence of masses such as
urethral diverticulum, Bartholin gland or Gartner's duct
cysts that can be mistaken for prolapse. At this time, the
external measurements of the POP-Qsystem, GH and PB,
can be obtained.

A neurologic examination of the vulva and perineum is
also performed at this time. Using the cotton swab, sensory
function is assessed,paying particular attention to the sacral
dermatomes. The following sacral reflexes should be tested.
The analreflex is triggered by stroking the skin lateral to the
anus, which results in a reflexive contraction of the anus in
women with an intact reflex. The bulbocavernosus reflex is
triggered by gentle tapping or squeezing of the clitoris and
results in the contraction of the bulbocavernosus muscle.
These reflexes can be absent in many neurologically intact
women so while their presence is reassuring, their absence is
not diagnostic of a nerve injury." However, any asymmetry
may represent a neurologic deficit that may require further
evaluation.

Once the neurologic evaluation is complete, a bivalve
speculum will allow for assessment of the cervix and upper
vagina which should be examined for lesions or other signs
of pathology. Formal objective assessment of prolapse is
typically performed at this point, beginning with the apex.
Point C can be measured if the cervix or vaginal cuff is easily
visualized and its descent not obstructed by the speculum.
With the speculum partly withdrawn to avoid obstructing
descent and the patient performing a Valsalva, points C and
D can be measured. With the speculum removed, the sponge
clamp is inserted into the vagina until the head is in the
posterior fornix, to allow for measurement of total vaginal
length.

Assessment of the anterior wall begins with a visual
inspection of the urethra and urethral meatus. The presence
of urethral prolapse, caruncle, diverticulum or a Skene's
gland cyst should be noted. The evaluation for prolapse is
best done with a Graves speculum disassembled and the
posterior blade used to isolate compartments. With the
posterior blade of the speculum inserted to the vaginal apex,
gentle pressure against the posterior wall allows for isolation
of the anterior compartment. The anterior wall is examined
for evidence of prolapse and any descent is measured using
the POP-Q system discussed above. When assessing point
Ba, the speculum blade should be partly withdrawn to be
sure that the vaginal apex comes to its lowest point.

After measurements of the anterior wall are complete, the
posterior blade of the speculum is removed, rotated 1800 and
reinserted against the anterior vaginal wall. This effectively

isolates the posterior wall to allow for measurements of
points Ap and Bp.Again, any defects or bulges are described
and points Ap and Bp are measured similarly to the anterior
wall.

During the POP-Qexamination, it is important not only
to determine the compartment involved but also to assess
the nature of the defect. An important principle of prolapse
surgery is site-specific repair and focaldefects can be detected
when the patient performs a Valsalva maneuver. Anterior
wall defects tend to appear either as smooth-walled defects
or as well-ruggaed defects: the smoothwalled epithelium
suggests a midline defect whereas the well-ruggaed pro
lapsed vagina with a sagging vaginal sulcus suggests either a
paravaginal defect or an apical detachment of the pubo
cervical fascia. Some clinicians will open the sponge clamp
and place a head in either fornix. If the vagina prolapses with
Valsalva, this suggests a midline defect but if there is no
descent, a paravaginal defect is more likely. Finally, some
clinicians will perform a Q-tip test to assess for urethral
hypermobility. While some may perform this in the assess
ment of urinary incontinence, its utility in the evaluation of
prolapse is minimal and it is not used routinely. In the pos
terior wall, defects are most commonly a detachment of the
perineal body from the rectovaginal septum, typically leaving
a distal linear defect perpendicular to the axis of the vagina.
However, this defect can also be midline or lateral and it is
important to form an opinion of the nature of the defect.

While many surgeons will try to identify site-specific
defects prior to going to the operating room, it is important
to remember that this does not replace a careful intra
operative examination. It is not uncommon for the intra
operative examination to reveal a different defect from that
diagnosed preoperatively, particularly paravaginal defects."

A bimanual examination performed at this time gives the
clinician an ideal opportunity to assessfor undiagnosed site
specific defects. In addition to the typical assessments of
pelvic tenderness, masses and other pathology, with fingers
palpating the vaginal supports, the clinician can assess for
site-specific defects as the patient performs a Valsalva. While
there are no data to support the diagnosis of site-specific
defects using this technique, it allows the clinician to gain an
overall impression of the nature of the patient's pelvic
support and to detect possible defects not noted during the
POP-Qexamination. A rectovaginal examination allows for
the assessment of defects posteriorly. In addition, at times
small bowel can be felt entering this space, suggesting the
presence of an enterocele. Any defects should be docu
mented and then confirmed and repaired intraoperatively.

While performing a bimanual examination, many clini
cians will evaluate the tone and strength of the pelvic floor.
This subjective assessment is done by placing one or two
fingers in the vagina and asking the patient to contract
her pelvic floor. The tone, symmetry, and duration of the 119
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contraction should be noted and subjectively graded. The
finding of asymmetry, absent tone or short duration suggests
a possible neuromuscular impairment.

ANCILLARY STUDIES IN THE PATIENT WITH
PELVIC ORGAN PROLAPSE
There are a multitude of diagnostic procedures that may be
performed for the evaluation of POP and pelvic floor dys
function. However, the majority are performed to evaluate
the function of the bladder or rectum and few are actually
useful for the evaluation of POP alone. Some practitioners
will perform urodynamics in the absence of urinary
incontinence in cases of severe POP, particularly with sig
nificant anterior wall prolapse. The goal of urodynamics in
this setting is to detect occult stress incontinence that may
manifest in 30-70% of patients after POP repair unless a
continence procedure is perforrned.t'-" Should the patient
show signs of stress incontinence when the prolapse is
placed in the vagina, many surgeons recommend a conti
nence procedure at the time of POP repair.24

-
26 Other

studies that may be performed to assess defecatory dysfunc
tion include anal manometry and endoanal ultrasound. The
decision to perform these tests is based on the presence of
either constipation or fecal/flatal incontinence rather than
for evaluation of prolapse and the reader is referred to
Chapter 11 for further information on these studies.

One study that is well established for the evaluation of
POP is defecography or fluoroscopic cystoproctography.
Besides its low cost and use in diagnosing POP, it also
provides some information on anorectal function. In the
evaluation of POP, this study is typically done to distinguish
between an enterocele and rectocele or to detect unsus
pected enteroceles or sigmoidoceles. It may also be per
formed as part of the evaluation of constipation, incomplete
fecal emptying or rectal prolapse. In any patient with
defecatory symptoms disproportionate to the pelvic exami
nation, defecography can greatly aid in the diagnosis.

Successful defecography requires the opacification of the
rectum, small bowel, and vagina. The patient's rectum is
filled retrograde with barium paste. A small amount of
barium is placed in the vagina to highlight the mucosa. The
patient also drinks oral contrast to opacify the small bowel.
Under fluoroscopy, a sequence of images is captured. The
first image shows the patient at rest. The second image has
the patient squeezing her pelvic floor. This should result in
visible elevation of the pelvic floor and a measurable change
in the anorectal angle. While contracting her pelvic floor,
the patient then performs a Valsalva maneuver for the third
image. On this image, if the small bowel descends into the
pelvis beyond the ischial spines, it is highly suggestive of an
enterocele. The patient is then asked to evacuate her bowels
and the fourth and fifth images include those taken during

emptying and after the patient has emptied as much as
possible. On these images, enteroceles and rectoceles can
be seen. Figures 12.2 and 12.3 show the appearance of an
enterocele and a rectocele respectively as seen as part of a
typical defecography study. Finally, for the sixth image, the
patient is asked to strain or perform a Valsalva, which can
reveal rectal prolapse.

FIgure 12.2 Enterocele. This image shows the patient performing a
Valsalva procedure. The small arrows show the outline of the
vagina. The large arrows show the small bowel filling the space
between the vagina and rectum. The arrowhead shows the rectum
filled with contrast.

Figure 12.3 Rectocele.This image shows the patient performing a
Valsalva procedure. The small arrows show the outline of the
vagina. The large arrows show the small bowel which remains
above the vagina. The arrowhead shows the rectum filled with
contrast bulging into the distal vagina.



AREAS FOR FUTURE RESEARCH IN THE DIAGNOSIS OF PELVIC ORGAN PROLAPSE

Because "normal" encompasses a wide range of results,
there are no absolute values that are considered diagnostic
for POP. The assessment of a defecography involves both
objective and subjective criteria and it should be used as an
aid in diagnosing POP rather than as a definitive measure
of POP.

Concerns about radiation exposure with defecography
and the cumbersome nature of the study have led to the
examination of other imaging modalities for POP. Recently
researchers have begun to explore magnetic resonance
imaging to diagnose POP. The potential advantages over
fluoroscopy include better visualization of independent
pelvic organs and tissues. This can allow for the potential
diagnosis of not only enteroceles but also site-specific
defects.27

•
28 However, for the evaluation of POp, MRI is

limited due to the supine position of the patient and the
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13
Karl-Erik Andersson

INTRODUCTION
Bladder control disorders can roughly be classified as
disturbances of filling/storage or disturbances of emptying.
Failure to store urine may lead to various forms of
incontinence (mainly urgency and stress incontinence) and
failure to empty can lead to urinary retention, which may
result in overflow incontinence. A disturbed filling/storage
function can, at least theoretically, be improved by agents
which decrease detrusor activity, increase bladder capacity,
and/or increase outlet resistance.' To describe disturbances
of bladder function with symptoms of urgency, frequency
and incontinence, the International Continence Society
recently suggested the term "overactive bladder (OAB) syn
drorne." defined as the symptoms of urgency, with and
without urgency incontinence, usually with frequency and
nocturia. In many cases of OAB, involuntary detrusor con
tractions (detrusor overactivity: DO) can be demonstrated
by cystometry.

Many drugs have been tried to treat the different forms of
voiding dysfunction (Table 13.1). The present drug
recommendations are based on evaluations made by the
Third International Consultation on Incontinence, held in
Monaco in 2004 (Box 13.1).3 The terminology used is that
recommended by the International Continence Society/

ANTIMUSCARINIC (ANTICHOLINERGIC)
DRUGS
Rationale for use. Antimuscarinics block, more or less
selectively, muscarinic receptors (Fig. 13.1). The common
view is that in OAB/DO, the drugs act by blocking the
muscarinic receptors on the detrusor muscle, which are
stimulated by acetylcholine released from activated cholin
ergic (parasympathetic) nerves. Thereby, they decrease the
ability of the bladder to contract. However, antimuscarinic
drugs act mainly during the storage phase, decreasing
urgency and increasing bladder capacity, and during this
phase there is normally no parasympathetic input to the
lower urinary tract." Furthermore, antimuscarinics are

Table 13.1 Drugs used in the treatment of detrusor
overactivity. Assessments according to the Oxford
system (modified)

Level of Grade of
Drug evidence recommendation

Antimuscarinic drugs

Tolterodine 1 A
Trospium 1 A
Solifenacin 1 A
Darifenacin 1 A
Propantheline 2 B
Atropine. hyoscyamine 3 C

Drugs with mixed actions

Oxybutynin 1 A
Propiverine 1 A
Dicyclomine 3 C
Flavoxate 2 D

Antidepressants

Imipramine 3 C

a-AR antagonists

Alfuzosin 3 C
Doxazosin 3 C
Prazosin 3 C
Terazosin 3 C
Tamsulosin 3 C

P-AR agonists

Terbutaline 3 C
Salbutamol 3 C

COX inhibitors

Indomethacin 2 C
Flurbiprofen 2 C

Other drugs

Baclofen* 3 C
Capsaicin** 2 C
Resiniferatoxin** 2 C
Botulinum toxin*** 2 B
Estrogen 2 C
Desmopressin**** 1 A

f---" - "~

* intrathecal; ** Intravesical; *** bladder wall; **** nocturia

125



zo
f::
uw
(fJ

126

ICHAPTER 13 • PHARMACOLOGIC TREATMENT

Box 13.1 lei assessments 2004: Oxford guidelines
(modified)

Levels of evidence

Level 1: Systematic reviews, metaanalyses, good-quality
randomized controlled clinical trials (RCTs)

Level 2: RCTs, good-quality prospective cohort studies

Level 3: Case-control studies, case series

Level 4: 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" (optional)

Grade D: Evidence inconsistent/inconclusive (no
recommendation possible)

usually competitive antagonists. This implies that when
there is a massive release of acetylcholine, as during
micturition, the effects of the drugs should be decreased,
otherwise the reduced ability of the detrusor to contract
would eventually lead to urinary retention. High doses of
antimuscarinics can produce urinary retention but in the
dose range needed for beneficial effects in OAB/00, there is
little evidence for a significant reduction of the voiding
contraction.

Figure 13.1 The effects of released acetylcholine (ACh), acting at
muscarinic M2 and M3 receptors in the detrusor, will be blocked by
antimuscarinics.

The question is whether there are other sites of action of
antimuscarinics that can contribute to their beneficial effects
in the treatment of OAB/Oo.5 Muscarinic receptors are
found on bladder urothelial cells where their density can
be even higher than in detrusor muscle and suburothelially.
The role of the urothelium in bladder activation has attracted
much interest," It has been suggested that the muscarinic
receptors located on the urothelium or on structures in the
lamina propria (interstitial cells, afferent nerves) can influ
ence micturition (Fig. 13.2).5 However, this has not yet been
established.

Pharmacology. Generally, antimuscarinics can be divided
into tertiary and quaternary amines.' They differ with regard
to lipophilicity, molecular charge, and even molecular size.
Tertiary compounds generally have higher lipophilicity and
molecular charge than quaternary agents. Atropine, toltero
dine, oxybutynin, propiverine, darifenacin, and solifenacin
are tertiary amines. They are generally well absorbed from
the gastrointestinal tract and should theoretically be able to
pass into the central nervous system (CNS), dependent on
their individual physicochemical properties. High lipophilic
ity, small molecular size, and low charge will increase the
ability to pass the blood-brain barrier. Quaternary ammo
nium compounds, like propantheline and trospium, are not
well absorbed, pass into the CNS to a limited extent, and
have a low incidence of CNS side effects. They still produce
well-known peripheral antimuscarinic side effects, such
as accommodation paralysis, constipation, tachycardia, and
dryness of mouth.

Many antimuscarinics (all currently used tertiary amines)
are metabolized by the P450 enzyme system to active and/or
inactive metabolites.' The most commonly involved P450
enzymes are CYP206 and CYP3A4. The metabolic con
version creates a risk for drug-drug interactions, resulting
in either reduced (enzyme induction) or increased (enzyme
inhibition, substrate competition) plasma concentration/
effect of the antimuscarinic and/or interacting drug. Anti
muscarinics secreted by the renal tubules (e.g. trospium)
may theoretically be able to interfere with the elimination of
other drugs using this mechanism.

Antimuscarinics are still the most widely used treatment
for urgency and urgency incontinence.' However, currently
used drugs lack selectivity for the bladder and action on
other organ systems may result in side effects, which limit
their usefulness. For example, all antimuscarinic drugs are
contraindicated in untreated narrow-angle glaucoma. 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.

Current antimuscarinic drugs: individual drug
profiles. Many drugs with antimuscarinic properties have
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Figure 13.2 Nondetrusor and detrusor muscarinic receptor sites (M2, M3) in the bladder where antimuscarinics may act.

been tried for treatment of OAB. For many of them, docu
mentation of effects is not based on RCTs satisfying
currently required criteria, and some drugs can be consid
ered as obsolete (e.g. emepronium). Information on some of
these drugs can be found elsewhere.'

"Pure" antimuscarinics
Atropine. Atropine (dl-hyoscyamine) is rarely used for
treatment of OAB/DO because of its systemic side effects.
However, in patients with neurogenic DO, intravesical
atropine may be effective for increasing bladder capacity
without causing any systemic adverse effects, as shown in
open pilot trials. J

Propantheline. Propantheline bromide is a quaternary
ammonium compound, nonselective for muscarinic receptor
subtypes, which has a low (5-10 %) and individually varying

biologic availability. It is metabolized (metabolites inactive)
and has a short half-life (less than 2 h)." 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. Controlled randomized trials have demon
strated a positive but varying response.v'?

Although the effect of propantheline on OAB/00 has not
been well documented in controlled trials satisfying today's
standards, it can be considered effective and may, in
individually titrated doses, be clinically useful.

Trospium. Trospium chloride is a quaternary ammonium
compound with antimuscarinic actions and no selectivity
for muscarinic receptor subtypes. Its biologic availability is
less than 10%.11 Trospium is expected to cross the blood
brain barrier to a limited extent and seems to have no
negative cognitive effects. I1

-
1J The drug has a plasma half-
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life of approximately 20 h and is mainly (60%) eliminated
unchanged in the urine. It is not metabolized by the
cytochrome P450 enzyme system.

Several RCTs have documented positive effects of
trospium both in neurogenic 0014

,15 and nonneurogenic
00.16

-
19 Zinner et al treated 523 patients with symptoms

associated with OAB and urgency incontinence with 20 mg
trospium twice daily or placebo in a 12-week, multicenter,
parallel, double-blind, placebo-controlled trial." Dual
primary endpoints were change in average number of toilet
voids and change in urge incontinent episodes per 24 hours.
Secondary efficacy variables were change in average volume
per void, voiding urge severity, urinations during day and
night, time to onset of action and change in Incontinence
Impact Questionnaire. Trospium significantly decreased
average frequency of toilet voids and urge incontinent
episodes compared to placebo. It significantly increased aver
age volume per void and decreased average urge severity
and daytime frequency. All effects occurred by week 1 and
all were sustained throughout the study. Nocturnal fre
quency decreased significantly by week 4 and Incontinence
Impact Questionnaire scores improved at week 12.Trospium
was well tolerated. The most common side effects were dry
mouth (21.8%), constipation (9.5%), and headache (6.5%).

Trospium is a well-documented alternative for treatment
of OAB/00 and seems to be well tolerated.

Tolterodine. Tolterodine has no selectivity for muscarinic
receptor subtypes but is claimed to have functional selec
tivity for the bladder over the salivary glands.2l,n It is rapidly
absorbed and extensively metabolized (CYP206). The major
active metabolite has a similar pharmacologic profile to the
mother compound" and significantly contributes to the
therapeutic effect of tolterodine.iv" Both tolterodine and its
metabolite have plasma half-lives of 2-3 h but the effects on
the bladder seem to be more long-lasting than would be
expected from the pharmacokinetic data. The relatively low
lipophilicity of tolterodine implies limited propensity to
penetrate into the CNS, which may explain a low incidence
of cognitive side effects.26,27

Tolterodine is available as immediate-release (IR; 1 or
2 mg, twice-daily dosing) and extended-release (ER) forms
(2 or 4 mg, once-daily dosing). The ER form seems to have
advantages over the IR form in terms of either efficacy or
rolerabiliry."

Several RCTs on patients with OAB/00 (both idiopathic
and neurogenic DO) have documented a significant reduc
tion in micturition frequency and number of incontinence
episodes.26

,27 Comparative RCTs such as the OBJECT
(Overactive Bladder: Judging Effective Control and Treat
ment) and the OPERA (Overactive Bladder: Performance of
Extended Release Agents) studies have further supported its
effectiveness.

The OBJECT trial compared oxybutynin ER 10 mg once
daily with tolterodine IR 2 mg twice daily in a 12-week
randomized, double-blind, parallel-group study including
378 patients with OAB.29 Participants had between seven and
50 episodes of urge incontinence per week and 10 or more
voids in 24 hours. The outcome measures were the number
of episodes of urge incontinence, total incontinence, and
micturition 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% and 33% of participants taking oxybutynin ER and
tolterodine IR, respectively. Rates of CNS and other adverse
events were low and similar in both groups. The authors
concluded that oxybutynin ER was more effective than
tolterodine IR and that the rates of dry mouth and other
adverse events were similar in both treatment groups.

In the OPERA study, oxybutynin ER at 10 rng/d or
tolterodine ER at 4 rng/d were given for 12 weeks to women
with 21-60 urge incontinence episodes per week and an
average of 10 or more voids per 24 hours." Episodes of
incontinence episodes (primary endpoint), total (urge and
nonurge) incontinence, and micturition were recorded in
24-h urinary diaries at baseline and at weeks 2, 4, 8, and
12 and compared. Adverse events were also evaluated.
Improvements in weekly urge incontinence episodes were
similar for the 790 women who received oxyburynin ER
(n=391) or tolterodine ER (n=399). Oxybutynin ER was
significantly more effective than tolterodine ER in reducing
micturition frequency, and 23.0% of women taking oxybu
tynin ER reported no episodes of urinary incontinence
compared with 16.8% of women taking tolterodine ER. Dry
mouth, usually mild, was more common with oxybutynin
ER. Adverse events were generally mild and occurred at low
rates, with both groups having similar discontinuation of
treatment due to adverse events. The conclusions were that
reductions in weekly urge incontinence and total inconti
nence episodes were similar with the two drugs. Dry mouth
was more common with oxybutynin ER but tolerability was
otherwise comparable, including adverse events involving
the central nervous system.

Tolterodine, in both the immediate- and extended
release forms, has a well-documented effect in OAB/Oo. It
is well tolerated and is currently, together with oxybutynin,
first-line therapy for patients with this disorder.

Darifenacin. Oarifenacin is a tertiary amine with moderate
lipophilicity, well absorbed from the gastrointestinal tract
after oral administration and extensively metabolized by
the liver by the cytochrome P450 isoforms CYP3A4 and
CYP206. The metabolism of darifenacin by CYP3A4
suggests that coadministration of a potent inhibitor of this



enzyme (e.g. ketoconazole) may lead to an increase in the
circulating concentration of darifenacin." Darifenacin has
been developed as a controlled-release formulation, which
allows once-daily dosing. Recommended dosages are 7.5 and
15 mg/d,

Darifenacin is a selective muscarinic M 3 receptor antag
onist. In vitro, it is selective for human cloned muscarinic
M3 receptors relative to Ml> M b M4 or Ms receptors.
Theoretically, drugs with selectivity for the M 3 receptor can
be expected to have clinical efficacy in OAB/DO with
reduction of the adverse events related to the blockade of
other muscarinic receptor subrypea" However, the clinical
efficacy and adverse effects of a drug are dependent not only
on its profile of receptor affinity but also on its pharmaco
kinetics, and on the importance of muscarinic receptors for
a given organ function.

The clinical effectiveness of darifenacin has been docu
mented in several RCTs. 33

,34 Haab et al reported a multi
center, double-blind, placebo-controlled, parallel-group
study which enrolled 561 patients with OAB symptoms for
>6 months." Darifenacin 7.5 mg and 15 mg had a rapid
onset of effect, with significant improvement compared with
placebo being seen for most parameters at the first clinic
visit (week 2). This effect was sustained through week 12.At
this time the number of incontinence episodes per week was
reduced from baseline by 67.7% with darifenacin 7.5mg and
72.8% with darifenacin 15 mg, compared with 55.9% with
placebo. Darifenacin 7.5 mg and 15 mg, respectively, were
significantly superior to placebo for improvements in mic
turition frequency, bladder capacity, frequency of urgency,
severity of urgency, and number of incontinence episodes
leading to a change in clothing or pads. The most common
adverse events were mild-to-moderate dry mouth and con
stipation. However, no patients withdrew from the study as a
result of dry mouth and discontinuation related to consti
pation was rare (0.6% placebo versus 0.9% darifenacin).
There were no reports of blurred vision and the CNS and
cardiac safety profile was comparable to placebo.

Darifenacin has a well-documented effect in OAB/DO
and the adverse event profile seems acceptable.

Solifenacin (YM-905). Solifenacin (YM905) is a tertiary
amine, well absorbed from the gastrointestinal tract (absolute
bioavailability 90%). It undergoes significant hepatic metab
olism involving the cytochrome P450 enzyme system
(CYP3A4). The mean terminal half-life is approximately 50
hours.35,36

Solifenacin has some selectivity for M3 receptors (10-20
fold) over M2 receptors."

The efficacy, safety, and tolerability of solifenacin in adult
patients with OAB have been documented both in large
scale early trials" and in several pivotal phase 3 studies. In
one of these RCTs,39 a total of 1077 patients were random-

ANTIMUSCARINIC (ANTICHOLINERGIC) DRUGS

ized to 5 mg solifenacin, 10 mg solifenacin, tolterodine (2 mg
b.i.d.) or placebo. Compared with placebo (-8%), mean
micturitions/24 h were significantly reduced with solife
nacin 10 mg (-20%), solifenacin 5 mg (-17%), and toltero
dine (-15 %). Episodes of urgency and incontinence were
significantly reduced in patients treated with solifenacin
5 mg and 10 mg; tolterodine produced smaller, nonsignifi
cant reductions in these endpoints. Mean volume voided
per micturition was significantly increased. Solifenacin was
well tolerated, with few patients discontinuing treatment.
Incidences of dry mouth were 4.9% with placebo, 14.0%
with solifenacin 5 mg, 21.3% with solifenacin 10 mg, and
18.6% with tolterodine 2 mg b.i.d.

Solifenacin has a well-documented effect in OAB/DO
and the adverse event profile seems acceptable.

Antimuscarinics with "mixed" actions. Some
drugs used to treat OAB/DO 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 demon
strated at much lower drug concentrations than the direct
action, which may involve blockade of voltage-operated
Ca 2+ channels. Most probably, the clinical effects of these
drugs can be explained mainly by an antimuscarinic action.

Oxybutynin. Oxybutynin is a tertiary amine that is well
absorbed but undergoes extensive upper gastrointestinal
and first-pass hepatic metabolism via the cytochrome P450
system (CYP3A4) into multiple metabolites. The plasma
half-life of oxybutynin is approximately 2 hours but with
wide interindividual variation.Y" The primary metabolite,
N -desethyloxybutynin, has pharmacologic properties simi
lar to the parent compounclf but occurs in much higher
concentrations after oral administration." It has been
implicated as the major cause of the side effect of dry mouth
associated with the administration of oxybutynin. It seems
reasonable to assume that the effect of oral oxybutynin to a
large extent is exerted by the metabolite.

Oxybutynin has several pharmacologic effects, some of
which seem difficult to relate to its effectiveness in the
treatment of DO. It has both an anti muscarinic and a direct
muscle relaxant effect and, in addition, local anesthetic
actions. The latter effects may be of importance when the
drug is administered intravesically but probably play no
role when it is given orally. Most probably, when given
systemically, oxybutynin acts mainly as an antimuscarinic
drug. Oxybutynin was shown to have slightly higher affinity
for muscarinic M1 and M 3 receptors than for M2 receptors"
but the clinical significance of this is unclear.

Oxybutynin is available in immediate-release, extended
release, and transdermal preparations. The latter allow
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once-daily dosing and have demonstrated potential advan
tages over the immediate-release form in terms of either
efficacy and/or tolerability.

The immediate-release form of oxybutynin (OXY-IR) is
recognized for its efficacy but also for frequently occurring
adverse effects." The commonly recommended dose (5 mg
x 3) is unnecessarily high in some patients and a starting
dose of 2.5 mg x 2 with consequent dose titration seems to
reduce the number of adverse effects. In general, the new
formulations of oxybutynin offer patients efficacy roughly
equivalent to that of OXY-IR and the advantages of these
formulations (extended-release, transdermal) lie in improved
dosing schedules and side effect profile.29.3o,45,46

Extended-release oxybutynin (OXY-ER) offers dosage
flexibility between 5 and 30 mg/d and a trans dermal prepa
ration (OXY-TOS) offers a twice-weekly dosing regimen.
The efficacyof OXY-IR is well docurnented.t" A comparison
of OXY-TOS with OXY-IR demonstrated a statistically
equivalent reduction in daily incontinent episodes (66% for
OXY-TOS and 72% for OXY-IR) but much less dry mouth
(38% for OXY-TOS and 94% for OXY-IR). Omochowski
et al compared OXY-TOS to placebo and extended-release
tolterodine." Both drugs equivalently and significantly
reduced daily incontinence episodes and increased the aver
age voided volume but extended-release tolterodine was
associated with a significantly higher rate of antimuscarinic
adverse events. The primary adverse event for OXY-TOS
was application site reaction pruritus in 14% and erythema
in 8.3%, with nearly 9% feeling that the reactions were
severe enough to withdraw from the study, despite the lack
of systemic problems.

Oxyburynin in its different formulations has a well
documented efficacy in the treatment of OAB/00 and is,
together with tolterodine, first-line treatment for patients
with this disorder.

Propiverine. Propiverine has been shown to have com
bined antimuscarinic and calcium antagonistic actions.
The drug is rapidly absorbed but has a high first-pass
metabolism, and its biologic availability is about 50%.48
Propiverine is an inducer of hepatic cytochrome P450
enzymes in rats in doses about 100 times above the thera
peutic doses in man." Several active metabolites are
formed;5o,51 most probably, these metabolites contribute to
the clinical effects of the drug but their individual contri
butions have not been clarified. The half-life of the mother
compound is about 11-14 h.

Propiverine has been shown to have beneficial effects in
patients with DO in several investigations. Thiiroff et al
collected nine 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%) subjective improvement.l'' Side effects

were found in 14% (range 8-42%). In patients with neuro
genic DO, controlled clinical trials have demonstrated
propiverine's superiority over placebo" Propiverine also
increased bladder capacity and decreased maximum detru
sor contractions. Controlled trials comparing propiverine,
flavoxate, and placebo" and propiverine, oxybutynin, and
placeb0 54,55 have confirmed the efficacy of propiverine and
suggested that the drug may have equal efficacy to and fewer
side effects than oxybutynin.

Madersbacher et al compared the tolerability and efficacy
of propiverine (15 mg t.i.d.), oxybutynin (5 mg b.i.d.), and
placebo in 366 patients with urgency and urge incontinence
in a randomized, double-blind placebo-controlled clinical
trial." Urodynamic efficacy of propiverine was judged
similar to that of oxyburynin but the incidence and severity
of dry mouth were judged less with propiverine than
with oxybutynin, In a double-blind, multicenter, placebo
controlled, randomized study, Oorschner et al investigated
the efficacy and cardiac safety of propiverine in 98 elderly
patients (mean age 68 years), suffering from urgency, urge
incontinence or mixed urge-stress inconrinence." After a
2-week placebo run-in period, the patients received propiver
ine (15 mg t.i.d.) or placebo (t.i.d.) for 4 weeks. Propiverine
caused a significant reduction of the micturition frequency
(from 8.7 to 6.5) and a significant decrease in episodes of
incontinence (from 0.9 to 0.3 per day). The incidence of
adverse events was very low (2% dryness of the mouth under
propiverine: two out of 49 patients). Resting and ambulatory
electrocardiograms indicated no significant changes.

Propiverine has a documented beneficial effect in the
treatment of DO 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 action of flavoxate has
not been established. The drug is well absorbed and oral
bioavailability appeared to be close to 100%.6 Flavoxate is
extensively metabolized and its plasma half-life was found to
be 3.5 h.57A main metabolite (3-methylflavone-8-carboxylic
acid, MFCA) has been shown to have low pharmacologic
activity.58,59

The clinical effects of flavoxate in patients with DO and
frequency, urgency and incontinence have been studied in
both open and controlled investigations but with varying
rates of success.f Stanton compared emepronium bromide
and flavoxate in a double-blind, crossover study of patients
with idiopathic detrusor overactivity and reported improve
ment rates of 83% and 66% after flavoxate or emepronium
bromide, respectively, both administered as 200 mg three
times daily?' In another double-blind, crossover study com
paring flavoxate 1200 mg/day with oxybutynin 15 mg daily
in 41 women with idiopathic motor or sensory urgency, and



utilizing both clinical and urodynamic criteria, Milani et al
found both drugs effective." No difference in efficacy was
found between them but flavoxate had fewer and milder side
effects. 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.63'65 In general, few side effects have been
reported during treatment with flavoxate. On the other
hand, its efficacy, compared to other therapeutic alternatives,
is not well documented.

DRUGS ACTING ON MEMBRANE CHANNELS
Calcium antagonists. There have been few clinical
studies of the effects of calcium antagonists in patients with
DO. Naglie et al evaluated the efficacy of nimodipine for
geriatric urge incontinence in a randomized, double-blind,
placebo-controlled crossover trial/" Thirty mg nimodipine
was given twice daily for 3 weeks in older persons with DO
and chronic urge incontinence. A total of 86 participants
with a mean age of 73.4 years were randomized. The
primary outcome wasthe number of incontinent episodes, as
measured by the self-completion of a 5-day voiding record.
Secondary outcomes included the impact of urinary incon
tinence on quality of life measured with a modified inconti
nence impact questionnaire and symptoms, as measured by
the AVA symptom score. In the 76 participants completing
the study (88.4%), there was no significant difference in the
number of incontinent episodes with nimodipine versus
placebo. Scores on the incontinence impact questionnaire
and the AVA symptom score were not significantly different
with nimodipine versus placebo, and the authors concluded
that treatment of geriatric urge incontinence with 30 mg
nimodipine twice daily was unsuccessful.

Available information does not suggest that systemic
therapy with calcium antagonists is an effective way to treat
OAB/Do.

Potassium channel openers. Theoretically, K+
channel openers may be active during the fillingphase of the
bladder, abolishing DO with no effect on normal bladder
contraction. Several types of K+ channel openers have been
effective in animal models67,68 but clinically, the effects have
not been encouraging. At the present time, there is no
evidence from RCTs to suggest that K+ channel openers
represent a treatment alternative for OAB/Do.

a-Adrenoceptor antagonists. Even though it is well
known that a-AR antagonists can ameliorate lower urinary
tract symptoms in men with BPH,69 there are no controlled
clinical trials showing that they are an effective alternative
in the treatment of bladder overactivity in this patient
category. In an open label study, Arnold evaluated the

ANTIDEPRESSANTS I
clinical and pressure-flow effects of tamsulosin 0.4 mg once
daily in patients with lower urinary tract symptoms (LUTS)
caused by benign prostatic obstruction (BPO).70 He found
that tamsulosin produced a significant decrease in detrusor
pressure, increase in flow rate and a symptomatic improve
ment in patients with LUTS and confirmed obstruction.
a-AR antagonists have been used to treat patients with
neurogenic 008,71but the success has been moderate.

Although a-AR antagonists may be effective in selected
cases of DO, convincing effects documented in RCTs
are lacking. In women, these drugs may produce stress
incontinence."

j3-Adrenoceptor agonists. In isolated human bladder,
nonsubtype selective P-AR agonists like isoprenaline have a
pronounced inhibitory effect and administration of such
drugs can increase bladder capacity in man." However, the
P-ARs of the human bladder were shown to have functional
characteristics typical of neither PI- nor P2-ARs, since they
could be blocked by propranolol but not by practolol or
metoprolol (PI) or butoxamine (P2).74,75 Both normal and
neurogenic human detrusors were shown to express PI-,
Pr, and P3-AR mRNAs, and selective P3-AR agonists
effectively relaxed both types of detrusor muscle.76-78Thus,
it seems that the atypical P-AR of the human bladder may be
the P3-AR.

Favorable effects on DO were reported in open studies
with selective pz-AR agonists such as terbutaline" In a
double-blind investigation, clenbuterol 0.01 mg three times
daily wasshown to have a good therapeutic effect in 15 of 20
women with 00.80 Other investigators, however, have not
been able to show that P-ARs agonists represent an effective
therapeutic principle in elderly patients with 0081 or in
young patients with myelodysplasia and 00.82 Whether or
not PrAR stimulation will be an effective way of treating the
OAB/00 has yet to be shown in controlled clinical trials.

ANTIDEPRESSANTS
Several antidepressants have been reported to have bene
ficial effects in patients with 00.83,84However, imipramine is
the only drug that has been widely used clinically to treat
this disorder.

Imipramine has complex pharmacologic effects, includ
ing marked systemic antimuscarinic actions" and blockade
of the reuptake of serotonin and noradrenaline'" but its
mode of action in DO has not been established." Even
though it is generally considered that imipramine is a useful
drug in the treatment of DO, no good-quality RCTs that
document this have been retrieved.

It has long been known that imipramine can have
favorable effects in the treatment of nocturnal enuresis
in children, with a success rate of 10-70% in controlled 131
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trials.87
,88 It is well established that therapeutic doses of

tricyclic 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 proarrhyth
mic) effect similar to that of quinidine.89

,90 Children seem
particularly sensitive to the cardiotoxic action of tricyclic
antidepressants,"

The risks and benefits of imipramine in the treatment of
voiding disorders do not seem to have been assessed. Very
few studies have been performed during the last decade."
No good-quality RCTs have documented that the drug is
effective in the treatment DO. However, a beneficial effect
has been documented in the treatment of nocturnal enuresis.

CYCLO OXYGENASE (COX) INHIBITORS
Cardozo et al performed a double-blind controlled study
of 30 women with DO using the COX 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 DO. There was a high incidence of side effects (43%)
including nausea, vomiting, headache, and gastrointestinal
symptoms. Palmer studied the effects of flurbiprofen 50 mg
x 4 versus placebo in a double-blind, crossover trial of
37 patients with idiopathic DO (27% of the patients did
not complete the trial)." Active treatment 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 DO,
compared with bromocriptine in a randomized, single-blind,
crossover study." The incidence of side effects was high,
occurring in 19 of 32 patients. However, no patient had to
stop treatment because of side effects.

The few controlled clinical trials on the effects of COX
inhibitors in the treatment of DO, and the limited number of
drugs tested, make it difficult to evaluate their therapeutic
value. No new information has been published during the
last decade.

VASOPRESSIN ANALOGS
Desmopressin. Oesmopressin (l-desamino-8-O-arginine
vasopressin; OOAVP) is a synthetic vasopressin analog with
a pronounced antidiuretic effect but practically lacking
vasopressor actions."

Several controlled, double-blind investigations have
shown intranasal administration of desmopressin to be
effective in the treatment of nocturnal enuresis in children."
The dose used in most studies has been 20 J.lg 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 efficacy in primary noc
turnal enuresis in children and adolescents has been docu
mented in randomized, double-blind, placebo-controlled
studies.96,97

In RCTs, oral desmopressin has proved to be effective in
the treatment of nocturia in men 98 and women."? In the study
of Lose et al, 144 patients were randomly assigned to groups
(desmopressin, n=72j placebo, n=72).99 For desmopressin, 33
(46%) patients had a 50% or greater reduction in nocturnal
voids against baseline levels compared with five (7%)
patients receiving placebo (P<O.OO 1). The mean number of
nocturnal voids, duration of sleep until the first nocturnal
void, nocturnal diuresis, and ratios of nocturnal per 24 hours
and nocturnal per daytime urine volumes changed signifi
cantly in favor of desmopressin versus placebo (P<O.OO 1). In
the dose titration phase, headache (22%), nausea (8%), and
hyponatremia (6%) were reported.

Even if side effects are uncommon during desmopressin
treatment, there is a risk of water retention and hypo
natremia. The results of a systematic review and metaanaly
sis revealed an incidence of desmopressin-induced
hyponatremia of 7.6%.100 In elderly patients, it was recom
mended that serum sodium should be measured before and
after a few days of treatment.l'"

Oesmopressin is a well-documented therapeutic alterna
tive in pediatric nocturnal enuresis, and is effective also in
adults with nocturia with polyuric origin.

BACLOFEN
Baclofen is considered to depress monosynaptic and poly
synaptic motoneurons and interneurons in the spinal cord
by acting as a GABA agonist, and has been used in voiding
disorders, including DO secondary to lesions of the spinal
cord.' The drug may also be an alternative in the treatment
of idiopathic 00.102 However, published experience with
the drug is limited. Intrathecal baclofen may be useful in
patients with spasticity and bladder dysfunction, and
increase bladder capaciry.'?'

CAPSAICIN AND RESINIFERATOXIN
(VANILLOIDS)
The rationale for intravesical instillations of vanilloids is
based on the involvement of C fibers in the pathophysiology
of conditions such as bladder hypersensitivity and neuro
genic DO. In the healthy human bladder, C fibers carry the
response to noxious stimuli but they are not implicated in
the normal voiding reflex. After spinal cord injury, major
neuroplasticity appears within bladder afferents in several
mammalian species, including man. C-fiber bladder affer-
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ents proliferate within the suburothelium and become
sensitive to bladder distension. Those changes lead to the
emergence of a new C fiber-mediated voiding reflex, which
is strongly involved in spinal neurogenic DO. Improvement
of this condition by defunctionalization of C-fiber bladder
afferents with intravesical vanilloids has been widely
demonstrated in humans and animals.

Capsaicin. Cystometric evidence that capsaicin-sensitive
nerves may modulate the afferent branch of the micturition
reflex in humans was originally presented by Maggi et ai,
who instilled capsaicin (0.1-10 J.lM) intravesically in five
patients with hypersensitivity disorders, with attenuation
of their symptoms a few days after adrninistration.l'"
Intravesical capsaicin, given in considerably higher concen
trations (1-2 mM) than those administered by Maggi et ai,
has since been used with success in neurologic disorders
such as multiple sclerosis, or traumatic chronic spinal
lesions. 3,8,105,106

Resiniferatoxin (RTX). The beneficial effect of RTX
has been demonstrated in several studies.9

,106- 11O

De Seze et al compared the efficacy and tolerability of
nonalcohol capsaicin (1 mM) vs RTX (100 nM) in 10%
alcohol in a randomized, double-blind, parallel groups study
in 39 spinal cord-injured adult patients with neurogenic
DO (hyperreflexiaj.l'" Efficacy (voiding chart and cysto
manometry) and tolerability were evaluated during a 3
month follow-up. On day 30, clinical and urodynamical
improvement was found in 78% and 83% of patients with
capsaicin versus 80% and 60% with RTX, respectively,
without a significant difference between the two treated
groups. The benefit remained in two-thirds of the two
groups on day 90. There were no significant differences with
regard to the incidence, nature or duration of side effects in
capsaicin- versus RTX-treated patients. The data suggested
that capsaicin and RTX are equally efficient for relieving the
clinical and urodynamic symptoms of neurogenic DO, and
that glucidic capsaicin is as well tolerated as ethanolic RTX.

Available information (including data from RCTs) sug
gests that both capsaicin and RTX may have useful effects in
the treatment of neurogenic DO. There may be beneficial
effects also in non neurogenic DO in selected cases refrac
tory to anti muscarinic treatment but further RCT-based
documentation is required. RTX is an interesting alternative
to capsaicin but the drug is currently not in clinical
development owing to formulation problems.

BOTULINUM TOXIN (BTX)
Seven immunologically distinct antigenic subtypes of
botulinum toxin have been identified: A, B, C 1, 0, E, F, and

G. Types A and B are in clinical use in urology but most
studies have been performed with botulinum toxin type A.
There are three commercially available products:

• Botox®, Allergan, Irvine CA: BTX-A1

• Dysport®, Ipsen, Berkshire, UK: BTX-A1

• MyoblocP' Neuroblocl", Dublin/Princeton, NJ:
BTX-B1•

It is important not to use these products interchangeably as
they have very different dosing and side effect profiles.

On a weight basis, botulinum toxin is the most potent
naturally occurring substance known. The toxin blocks
the release of acetylcholine and other transmitters from
presynaptic nerve endings interacting with the protein
complex necessary for docking vesicles.U"!'" This results
in decreased muscle contractility and muscle atrophy at
the injection site. The produced chemical denervation is a
reversible process and axons are regenerated in about 3-6
months. The botulinum toxin molecule cannot cross the
blood-brain barrier and therefore has no CNS effects.

There are many open label and a few double-blind stud
ies and reports describing positive outcomes after treatment
with BTX in many urologic conditions including: detrusor
striated sphincter dyssynergia (DSD), neurogenic DO
(detrusor hyperreflexia) pelvic floor spasticity, and possibly
BPH and interstitial cystitis. 113

,114 However, toxin injections
may also be effective in refractory idiopathic 00.115

Preliminary studies look very promising with BTX-A but
it seems too early to tell whether the same results will be
seen with BTX-B. The safety of these products appears
satisfactory. A good response appears to occur within 1 week
and lasts from 6 to 9 months before reinjection is necessary.
It remains to be seen whether this treatment will be cost
effective for all the diseases currently being studied.

DRUGS USED FORTREATMENT OF STRESS
INCONTINENCE
The pharmacologic treatment of SUI (Table 13.2) aims at
increasing intraurethral closure forces by increasing tone in
the urethral smooth and striated muscles. Several drugs may
contribute to such an increase I 16 but limited efficacy or side
effects have often limited their clinical use.

a-Adrenoceptor agonists. Several drugs with agonis
tic effects on a-ARs have been used in the treatment of SUI.
However, ephedrine and norephedrine (phenylpropanol
amine; PPA) seem to have been the most widely used.' The
original 1992 Agency for Healthcare Policy and Research
Guideline reported eight randomized controlled trials with
PPA, 50 mg twice daily for SUI in women. Percent cures
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Table 13.2 Dnags used In the treatment of strws
Incontinence. Assessments 8ClCOniing to the Oxfonl
system (modified)

GrIIde of
Drug Levelof evidence recommendMlon

Duloxetine 1 A

Imipramine 3 0

Clenbuterol 3 C

Methoxamine 2 0

Midodrine 2 C

Ephedrine 3 0

Norephedrine 3 0
(phenylpropanolamine)

Estrogen 2 0

(all figures refer to percent effect on drug minus percent
effect on placebo) were listed as 0% to 14%, percent
reduction in continence as 19-60%, and percent side effects
and percent dropouts as 5-33%, and G-4.3% respectively.
A recent Cochrane review evaluated randomized or
quasi-randomized controlled trials, which included an
adrenergic agonist in at least one arm.117 There were 11 trials
which utilized PPA, two which utilized midodrine, and two
which utilized clenbuterol. There was "weak evidence" to
suggest that use of an adrenergic agent was better than
placebo treatment.

Ephedrine and PPA lack selectivity for urethral <x-ARs
and can increase blood pressure and cause sleep distur
bances, headache, tremor, and palpitations.' Kernan et al
reported the risk of hemorrhagic stroke to be 16 times higher
in women less than 50 years of age who had been taking
PPA as an appetite suppressant (statistically significant) and
three times higher in women who had been taking the drug
for less than 24 hours as a cold remedy (not statistically
significantj.!" There was no increased risk in men. PPA has
been removed from the market in the United States.

Numerous case reports of adverse reactions due to
ephedra alkaloids exist and some have suggested that sale
of these compounds as a dietary supplement be restricted
or banned.!" In December 2003, the US Food and Drug
Administration decreed such a ban, a move which has
survived legal appeal.

Midodrine and methoxamine stimulates <x(-ARs with
some degree of selectivity. According to the RCTs available,
the effectiveness of these drugs is moderate and the clinical
usefulness seems to be limited by adverse effects.I17,120,12l

Attempts have been made to develop agonists with
selectivity for the human urethra. Musselman et al reported
on a phase 2 randomized crossover study with Ro 115-1240,

a peripherally active selective <X IA/ IL adrenoceptor partial
agonist, in 37 women with mild to moderate SUI.122 A
moderate, positive effect was demonstrated but also side
effects curtailing further development of the drug.

p-Adrenoceptor antagonists. The theoretical basis
for the use of P-AR antagonists in the treatment of stress
incontinence is that blockade of urethral P-ARs may
enhance the effects of noradrenaline on urethral <x-ARs.
However, there are no RCTs documenting that these drugs
are a treatment alternative.

Other drugs. Several other drugs with varying mecha
nisms of action have been used in the treatment of stress
incontinence.

Imipramine. Gilja et al 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 mmHgl 23 A 35% cure rate was reported by pad
test and, in an additional 25%, a 50% or more improvement.

Lin et al assessed the efficacy of imipramine (25 mg
imipramine three times a day for 3 months) as a treatment 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. Yasuda et al described the results of a
double-blind, placebo-controlled trial with c1enbuterol in
165 women with SUI.125 Positive statistical significance was
achieved for subjective evaluation of incontinence frequency,
pad usage per day, and overall global assessment. The posi
tive effects were suggested to be a result of an action on
urethral striated muscle and/or the pelvic floor muscles.

Ishiko et al investigated the effects of clenbuterol on 61
female patients with stress incontinence in a 12-week
randomized study, comparing drug therapy to pelvic floor
exercises and a combination ofdrug therapy and pelvic floor
exercises.v" The frequency and volume of stress inconti
nence and the patient's own impression were used as the
basis for the assessment of efficacy. The improvement of
incontinence was 76.9 %, 52.6 %, and 89.5 % in the respec
tive groups. Further well-designed RCTs documenting the
effects of clenbuterol are needed to adequately assess its
potential as a treatment for stress incontinence.

Duloxetine. Duloxetine hydrochloride is a combined
norepinephrine and serotonin reuptake inhibitor, which has
been shown to significantly increase sphincteric muscle



activity during the filling/storage phase of micturition in the
cat acetic acid model of irritated bladder function. 132

-
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Bladder capacity was also increased in this model, both
effects mediated centrally through both motor efferent
and sensory afferent modulation.I'" The sphincteric effects
were reversed by <Xl_adrenergic (prazosin) and 5-HT-2
serotonergic (LY 53857) antagonism, while the bladder
effects were blocked by nonselective serotonergic antago
nism (rnethiothepin), implying that both effects were medi
ated by temporal prolongation of the actions of serotonin
and norepinephrine in the synaptic cleft.!" Duloxetine is
lipophilic, well absorbed, and extensively metabolized
(CYP2D6). Its plasma half-life is approximately 12 h.13I

There are several RCTs documenting the effects of
duloxetine in SUI.132

-
134 Dmochowski et al enrolled a total

of 683 North American women 22-84 years old in a double
blind, placebo-controlled smdy.132 The case definition
included a predominant symptom of SUI with a weekly
incontinence episode frequency (IEF) of 7 or greater, the
absence of predominant symptoms of urge incontinence,
normal diurnal and nocturnal frequency, a bladder capacity
of 400 ml or greater, and a positive cough stress test and
stress pad test. After a 2-week placebo lead-in period, sub
jects were randomly assigned to receive placebo (339) or
80 mg duloxetine daily (344), as 40 mg twice daily, for
12 weeks. Primary outcome variables included IEF and an
incontinence quality of life questionnaire. Mean baseline
IEF was 18 weekly and 436 subjects (64%) had a baseline
IEF of 14 or greater. There was a significant decrease in IEF
with duloxetine compared with placebo (50% vs 27%) with
comparably significant improvements in quality of life (11.0
vs 6.8). Of subjects on duloxetine, 51% had a 50-100%
decrease in IEF compared with 34% of those on placebo
(P<O.OOI). These improvements with duloxetine were
associated with a significant increase in the voiding interval
compared with placebo (20 vs 2 minutes) and they were
observed across the spectrum of incontinence severity. The
discontinuation rate for adverse events was 4% for placebo
and 24% for duloxetine (P<O.OOI), with nausea the most
common reason for discontinuation (6.4%). Nausea, which
was also the most common side effect, tended to be mild
to moderate and transient, usually resolving after 1 week to
1 month. Of the 78 women who experienced treatment
emergent nausea while taking duloxetine, 58 (74%) com
pleted the trial. The authors concluded that duloxetine
40 mg twice daily improved incontinence and quality of life.

Similar results were reported by Millard et al,l34 studying
the effects of duloxetine 40 mg. b.i.d. versus placebo in 458
women in four continents outside North America, and by
van Kerrebroeck et al133 investigating 494 European and
Canadian women.

The effectivness of duloxetine for treatment of SUI is well
documented. Adverse effects occur but seem tolerable.l "

ESTROGENS FOR URGENCY INCONTINENCE I
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.'

Two metaanalyses examined the use of estrogens to treat
all causes of incontinence in postmenopausal women. 136,m

Of 166 articles identified which were published in English
between 1969 and 1992, only six were controlled trials
and 17 uncontrolled series.l'" 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 metaanalysis, Sultana and Walters
reviewed eight controlled and 14 uncontrolled prospective
trials and included all types of estrogen treatment!" 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 incontinence. However,
several studies have shown that it may have a role in com
bination with other therapies. In a randomized trial, Ishiko
et al compared the effects of the combination of pelvic
floor exercise and estriol (1 rng/day) in 66 patients with
postmenopausal stress inconrinence.l " Efficacy was eval
uated 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 con
cluded that combination therapy with estriol plus pelvic
floor exercise was effective and capable of serving as first
line treatment for mild stress incontinence.

Reviews of recent literature agree that "estrogen therapy
has little effect in the management of urodynamic stress
incontinence..."139,140

ESTROGENS FOR URGENCY INCONTINENCE
Estrogen has been used to treat postmenopausal urgency
and urgency incontinence for many years but there have
been few controlled trials performed to confirm that it is
of benefit. A double-blind multicenter study of 64 post
menopausal women with the "urge syndrome" failed to show
efficacy,"! Another RCT from the same group, using 25 mg
estradiol implants, confirmed the previous findings and,
furthermore, found a high complication rate in the estriol
treated patients (vaginal bleedingj.l'"

Grady et al determined whether postmenopausal hor
mone therapy improves the severity of urinary incontinence
in a randomized, blinded trial among 2763 postmenopausal 135
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women younger than 80 years with coronary disease and
intact uteri. loB The study included 1525 participants who
reported at least one episode of incontinence per week at
baseline. Participants were randomly assigned to 0.625mg of
conjugated estrogens plus 2.5 mg of medroxyprogesterone
acetate in one tablet daily (n=768) or placebo (n=757) and
were followed for a mean of 4.1 years. Severity of incon
tinence 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 incontinence
improved in 26% of the women assigned to placebo com
pared with 21 % assigned to hormones, while 27% of the
placebo group worsened compared with 39% of the hor
mone 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<O.OOl). The
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INTRODUCTION
In 1948 Kegel' was the first to report pelvic floor muscle
training (PFMT) to be effective in treatment of female
urinary incontinence (UI). In spite of his reports of cure
rates of >84%, surgery soon became the first choice of
treatment and not until the 1980swas there renewed interest
in conservative treatment. This interest may have developed
because of higher awareness among women about inconti
nence and health and fitness activities, cost of surgery,
and morbidity, complications, and relapses reported after
surgical procedures.

Although several consensus statements based on system
atic reviews have recommended conservative treatment and
especially PFMT as the first choice of treatment for UI/-5

many surgeons seem to regard minimally invasive surgery,
especially the tension-free vaginal tape procedure (TVT),
as a better first-line option than PFMT. The scepticism
about PFMT may be based on inappropriate knowledge
of exercise science and physical therapy, beliefs that there
is insufficient evidence for the effect of PFMT or that
evidence for long-term effect is lacking or poor, and that
women are not motivated to perform PFMT regularly. The
aim of this chapter is to report evidence-based knowledge
on the above-mentioned points related to PFMT for UI.

METHODS
Only outcomes from randomized controlled trials (RCT)
are included in this chapter. A computerized search on
PubMed, studies, data, and conclusions from the Clinical
Practice Guideline (AHCPR, USA)/ the Second International
Consultation on Incontinence (ICI),3 and the Cochrane
Library of Systematic Reviewsb? have been used as back
ground sources. Physical therapy techniques to treat stress
urinary incontinence (SUI) and urge incontinence include
PFMT with or without biofeedback, electrical stimulation
and cones.v" Since SUI and urge incontinence are different
conditions that most likely need different treatment
approaches, evidence for the different physical therapy

interventions will be analyzed separately for each of these
conditions.

EFFECTIVENESS OF PHYSICAL THERAPY
INTERVENTIONS FOR URINARY
INCONTINENCE
The gold standard research design to evaluate the effect
of an intervention (surgery, pharmaceutical, training) is a
RCT. However, there are high- and low-quality RCTs. High
methodology quality is judged on concealment of treatment
allocation, blinding of assessors, sufficient sample size (based
on power calculation if possible), use of reproducible and
valid outcome measurements, and handling ofdrop-outs and
low adherence (intention to treat analysis).

Equally important but less covered in textbooks of sta
tistics and research methodology is the quality of the inter
vention (high standard surgery, experienced surgeons,
theory based and high-quality conducted PFMT). Many
ineffective or even harmful treatments can appear in a RCT
of high methodology quality. These research challenges are
the same when conducting RCTs in surgery and PFMT, and
the quality of studies of both surgery and PFMT has been
judged to be varied.V

However, there is an additional problem with PFMT
studies. Several research groups have shown that> 30% of
women are not able to voluntary contract the PFM at their
first consultation, even after thorough individual instruc
tion."!' Hay-Smith et al" reported that in only 15 of 43
RCTs on the effect of PFM training for SUI, UI and mixed
incontinence was the ability to contract checked before
training started. A common mistake is to contract other
muscles such as abdominals, gluteals, and hip adductor
muscles instead of the PFM. 12 In addition, Bump et alii
showed that as many as 25% of women may strain instead of
squeeze and lift. If women are straining instead of perform
ing a correct contraction, the training may harm and not
improve PFM function. Proper assessment of ability to
contract the PFM is therefore mandatory (Fig.l4.l). 141
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Figure14.1 Thorough instruction and evaluation of ability to
contract the pelvic floor muscles are mandatory before training
can start.

STRESS URINARY INCONTINENCE
The numerous reports by Kegel with >80% cure rate com
prised uncontrolled studies with the inclusion of a variety of
incontinence types and no measurement of urinary leakage
before and after treatment. However, since then, several
RCTs have demonstrated that PFM exercise is more effec
tive than no treatment':" to treat SUI.13,15-19 In addition, a

number of RCTs have compared PFM training alone with
the use of vaginal resistance devices, biofeedback or vaginal
cones," Out of 43 RCTs, only one did not show any signifi
cant effect of PFM training on urinary leakage," Interest
ingly, in this study there was no check of the women's ability
to contract, adherence to the training protocol was poor and
the placebo group contracted gluteal muscles and external
rotators of the hips, activities that may give co-contractions
of the PFM.12,20

Combined improvement and cure rates. As for
surgery' and pharmacology studies," a combination of cure
and improvement measures is often reported. Currently,
there is no consensus on what outcome measure to choose as
the gold standard for cure (urodynamic diagnosis, no leakage
episodes, ~2 g of leakage on pad test, tests with standardized
bladder volume, 1 hour, 24 hour, 48 hour, women's report,
etc.)." Subjective cure/improvement rates of PFM training
reported in RCTs on both SUI and urge incontinence vary
between 56% and 70%.3-5

Cure rates for SUI. It is often reported that PFM
training is more commonly associated with improvement of
symptoms, rather than a total cure. However, in several
RCTs cure has been reported. In a study by Be et al,23 cure
rate was defined as conversion of negative to positive closure
pressure during cough, and a cure rate of 60% was found.
This corresponded with the number of women reporting
to be continent or almost continent. In newer RCTs,

short-term cure rates of 44-70%, defined as <2 g of leakage
on different pad tests, have been found after PFM
training. I 5,16,18,24--26 The highest cure rates were shown in two

single-blind RCTs in which women had thorough individual
instruction by a trained physical therapist (PT), combined
training with biofeedback or electrical stimulation, and had
close follow-up every second week. Adherence was high and
drop-out was low.25,26

The most effective program. Because of use of
different outcome measures and instruments to measure
PFM function and strength, it is impossible to combine
results between studies and difficult to conclude which
training regimen is the more effective. Also the exercise
dosage (type of exercise, frequency, duration, and intensity)
varies significantly between studies.v"

Be et al23 have shown that training with an instructor is
significantly more effective than home exercise. In this study
individual assessment and teaching of correct contraction
was combined with strength training in groups in a 6-month
training program.18,23 The women were randomized to either
an intensive training program consisting of seven individual
sessions with a PT, combined with 45 minutes weekly PFM
training classes, and three sets of 8-12 contractions per day
at home or the same program without the weekly intensive
exercise classes. The results showed a much better improve
ment in both muscle strength and incontinence in the
intensive exercise group. Sixty percent were reported to be
continent/almost continent in the intensive exercise group
compared to 17% in the less intensive group. A significant
reduction of urinary leakage, measured by pad test with
standardized bladder volume, was only demonstrated in the
intensive exercise group.

This study demonstrated that a huge difference in
outcome can be expected according to the intensity and
follow-up of the training program and very little effect can
be expected after training without close follow-up. It is
worth noting that the significantly less effective group in this
study had seven visits with a skilled PT and that adherence
to the home training program was high. Nevertheless, the
effect was only 17%. More intensive training has also been
shown to be more effective in two other RCTs. 27,28 There is
a dose-response issue in all sorts of training regimens,"
Hence, one reason for the disappointing effects shown in
some clinical practices or research studies may be insuffi
cient training stimulus and low dosage. If low-dosage pro
grams are chosen as one arm in a RCT comparing PFM
training with other methods, PFM training is bound to be
less effective.

Training with biofeedback. Biofeedback has been
defined as "a group of experimental procedures where
an external sensor is used to give an indication of bodily



processes, usually with the purpose of changing the meas
ured quality."30 Biofeedback equipment has been developed
within the area of psychology, mainly for measurement of
sweating, heart rate, and blood pressure during different
forms of stress. Kegel' always based his training protocol on
thorough instruction of correct contraction using vaginal
palpation and clinical observation. He combined PFM train
ing with use of vaginal squeeze pressure measurement as
biofeedback during exercise. Today, a variety of biofeedback
apparatus is commonly used in clinical practice to assist with
PFM training (Fig. 14.2).

In urology or urogynecology textbooks, the term
"biofeedback" is often used to indicate a method different
from PFM training. However, biofeedback is not a treatment
on its own; it is an adjunct to training, measuring the
response from a single PFM contraction. In the area of PFM
training, both vaginal and anal surface EMG and urethral
and vaginal squeeze pressure measurements have been
utilized with the purpose of making the patients more aware
of muscle function, and to enhance and motivate patients'
effort during rraining.t"

Since Kegel first presented his results, several RCTs have
shown that even PFM training without biofeedback is more
effective than no treatment for SUI.4,I3 ,14,18,26 In women with

stress or mixed incontinence, all but one RCT have failed
to show any effect of adding biofeedback to the training
protocol. In the study of Glavind et al,27 a positive effect was
demonstrated. However, this study was confounded by a
difference in training frequency, and the effect might be due
to a double training dosage, the use of biofeedback, or both.
The results support the studies concluding that there is a
dose-response issue in PFM training.23

,28,31

Since PFM training is effective without biofeedback, a
large sample size may be needed to show any beneficial
effect of adding biofeedback to an effective training proto-

Figure 14.2 Some types of apparatus on the market have EMG
and pressure measurement equipment to measure pelvic floor
muscle function and can be used as biofeedback. This apparatus
can also provide numerous selections of electrical stimulation
parameters.

STRESS URINARY INCONTINENCE I
col. In most of the published studies comparing PFMT
with PFMT combined with biofeedback, the sample sizes
are small and type II error may have been the reason for
negative findingsY However, in the two largest RCTs
published, no additional effect was demonstrated from
adding biofeedback.v':"

Many women may not like to undress, lock the room, and
insert a vaginal or rectal device in order to exercise." On
the other hand, some women find it motivating to use
biofeedback to control and enhance the strength of the
contractions when training. Any factor that may stimulate
high adherence and intensive training should be recom
mended in order to enhance the effect of a training program.

Cones. Vaginal cones, developed by Plevnik" in 1985, are
weights that are placed in the vagina above the levator plate"
(Fig. 14.3). The theory behind the use of cones in strength
training is that the PFM are contracted reflexively or
voluntary when the cone is perceived as slipping out. The
weight of the cone is supposed to give a training stimulus
and make the women contract harder with progressive weight.

It has been concluded that training with vaginal cones is
more effective than no treatment.l" Five RCTs have been
found comparing PFMT with and without vaginal cones for
SUI.18,33-36 B0 et al18 found that PFMT was significantly
more effective than training with cones both to improve
muscle strength and reduce urinary leakage. In the four
other studies there were no differences between PFMT with
and without cones." Cammu & Van Nylen" reported very
low compliance and therefore did not recommend use of
cones. Also, in the study of B0 et al," women in the cone
group had great motivational problems. Laycock et al36 had
a total drop-out rate of 33% in their study.

The use of cones can be questioned from an exercise
science perspective. Holding the cone for as long as 15-20
minutes, as recommended, might cause decreased blood
supply, decreased oxygen consumption, muscle fatigue and

Figure 14.3 Cones for pelvic floor muscle training, available in
several shapes and weights.
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pain, and contraction of other muscles instead of the PFM.
In addition, many women report that they dislike using
cones," On the other hand, the cones may add benefit to the
training protocol if used in a different way: the subjects can
be asked to contract around the cone and simultaneously try
to pull it out in lying or standing position, repeating this
8-12 times in three series per day. In this way, general
strength training principles are followed and progression
can be added to the training protocol. Arvonen et al37used
"vaginal balls" and followed general strength training
principles. They found that training with the balls was
significantly more effective in reducing urinary leakage than
regular PFM training.

Electrical stimulation. The aim of electrical stimula
tion for SUI is to strengthen the PFM, mirroring voluntary
contractions. Several consensus reports have concluded that
strength training is more effective than electrical stimulation
to increase muscle strength for other skeletal muscles.3s.39 In
most physiotherapy practices, electrical stimulation has been
used for partially paralyzed muscles and to stimulate activity
when the patients are not able to contract As soon as the
patient can contract voluntarily, most physical therapists
would stop using electrical stimulation and continue with
regular muscle training.

Surprisingly, in the area of PFM rehabilitation, there has
been great interest, especially among gynecologists and
general practitioners, in treating urinary incontinence with
electrical stimulation. In one of the first studies in this area,
Eriksen et al40 used long-term stimulation (8 hours a day,
usually during sleep, with 10 Hz) and showed significant
improvement in urodynamic parameters and urinary
leakage. However, the study design was uncontrolled and
unblinded.

Today there are several RCTs on the effect of electrical
stimulation on female SUIY A number ofdifferent currents,
apparatus, and stimulation regimens have been used (Fig.

14.4). For SUI, short-term stimulation applying 35-50 Hz
has been used in most of the studies. Electrical stimulation
was compared with sham or untreated control in several
studies for SUI. Henalla et al," Sand et al,41 and Yamanishi
et al42found a significant effect compared to control or sham
stimulation, while Luber & Wolde Tsadik," Brubaker et al,44
and Be et al" did not find significant effect. It has been
concluded that more studies are needed to determine
whether electrical stimulation is effective in treatment of
female SUI.3.4

PFM training or electrical stimulation for SUI?
Hennalla et al,!" Hofbauer et al'" and Be et al" found that
PFM training was significantly better than electrical stimu
lation to treat SUI. Laycock & jerwood" and Hahn et al"
found no difference, and Smith'" found that electrical
stimulation was significantly better. Knight et al," Hofbauer
et al,14 Gode et aI/s and Bidmead et al49 found no effect
of adding electrical stimulation to PFM training. Many of
the electrical stimulation studies are flawed, with small
numbers, and RCTs with better methodologic quality
should be repeated.l" However, electrical stimulation has
been shown to have side effects" and to be less tolerable to
women than PFM training. IS In addition, Be & Talserh'"
found that voluntary PFM contraction increases urethral
pressure significantly more than electrical stimulation.

There are two main concepts explaining how PFMT may
work for SUI.51

Theory 1: Conscious PFM contraction before and
during physical stress ("the knack"). Precontractions
before increases in abdominal pressures have been part of
PFMT in many physical therapy practices for years." Miller
et al17showed that teaching women how to contract and also
to contract before coughing significantly reduced urinary
leakage within a week. However, Bump et al!' showed that
only 49% of women were able to contract the PFM in a way

144 Figure14.4 Numerous electrical stimulators are available for home use. Most of them have built-in automatic registration of adherence.



that effectively closed the urethra. Currently, we do not
know the amount of strength necessary to close the urethra.

Theory 2: Strength training. The aim of strength
training is to build a structural support (anatomic location of
the muscles, proper attachment, tone, and hypertrophy) for
the bladder and urethra. A strong structural support (stiff
pelvic floor) may prevent descent of the bladder neck and
urethra and close the urethra during abrupt increases in
intraabdominal pressure by an automatic quick and strong
PFM contraction.

In continent subjects, the PFM contraction is an
automatic response without conscious voluntary contraction
before activity. In addition, such precontractions are only
possible before single bouts of physical exertion (for
instance, sneezing). Nobody can run or dance over a longer
period of time and contract the PFM voluntarily all the
time. Therefore the main goal for PFMT to cure SUI is to
build the muscles to reach the automatic response level.

In some studies the patients were tested both subjectively
and objectively during physical activity, and had no leakage
during strenuous tests after the training period:8

,23,z5 The
effect, therefore, most likely was due to improved automatic
muscle function and not only the ability to voluntarily
contract before increase in abdominal pressure.

URGE INCONTINENCE
Some authors have claimed that PFMT and electrical
stimulation may be effective to treat symptoms of overactive
bladder, such as urgency, frequency, and urge incontinence.
In clinical practice, many patients with urge or mixed incon
tinence are treated with PFMT with or without biofeed
back, electrical stimulation, bladder training, medication or
a combination of these methods. However, based on two
systematic reviews on nonpharmacologic conservative treat
ments for overactive bladder symptoms, there are only a few
RCTs with varying quality in this area, and the results are
still not convincing.53

,54

Pelvic floor muscle training. There are two rationales
for the effect of PFMT in treating urge incontinence. The
most frequently cited theory is that the PFM contraction
causes an inhibition of the detrusor. The patients can be
taught to contract the PFM when they feel the urge to void
and possibly stop the detrusor contraction. Hence, they
may gain time to reach the toilet without leakage. Learning
such a technique and incorporate it into daily activities
can be classified as a form of "behavioral therapy?" Another
hypothesis is that bladder overactiviry is caused by fluc
tuations and rapid falls in urethral pressure due to PFM
relaxation." By regular training of the PFM, both mor
phologic and neuromuscular changes will occur and these

URGE INCONTINENCE I

changes may reduce the neuromuscular activity causing
such involuntary and frequent urethral pressure fluctua 
tions." As can be seen below, the interventions in this area
are based on a combination of both theories.

Nygaard et al56 compared the results of PFMT with and
without use of an audiotape, and reported the results for the
group with detrusor instability separately. Incontinence
episodes per day, voids per night, and urge score were sig
nificantly reduced and there was a significant increase in PFM
strength. However, pad weight gain, number of voids per day,
stress score, and number of pads used per day did not
change. There was no untreated control group in this study.

Burgio et al randomized 197 women aged 52-92 years
with urge incontinence or mixed incontinence with pre
dominantly urge symptoms to "behavioral treatment,"
oxyburynin or placebo." "Behavioral treatment" consisted of
1-3 sessions of anorectal biofeedback, urge strategies
(repeatedly relaxing and contracting the PFM), and home
PFMT with 15 contractions, progressing to to-second
holds, three series per day for 8 weeks. The results showed
that the "behavioral treatment group" significantly reduced
the number of incontinence episodes compared to the other
groups (80.7% versus 68.5% with oxybutynin and 39.4%
with placebo). There was no significant difference in full
recovery between groups but several other measured vari
ables such as the proportion happy to continue with treat
ment indefinitely, proportion desiring a different form of
treatment, and proportion completely satisfied with their
progress were in favor of the "behavioral group." The study
documented a huge placebo effect and has been criticized
because of its inclusion of women with SUI, a fact that may
explain some of the effect of PFMT.

Berghmans et al randomized 68 women with overactive
bladder proven by ambulatory urodynamics to nine weekly
sessions of "lower urinary tract exercise," vaginal electrical
stimulation, combination or control." The exercise program
consisted of patient information, bladder training, toilet
behavior, and specific PFM training to facilitate and restore
the detrusor inhibition reflex. There was no significant effect
of the exercise program compared to the control or any
other group. The study had a small sample size and perform
ing an intention-to-treat analysis did not improve the results
for the exercise group.

Millard et al conducted an international multicenter
study with 54 sites including 480 patients (75% women)
with overactive bladder symptoms only." The patient group
was between 18 and 90 years and was randomized to roltero
dine or tolterodine + PFMT. The dosage for tolterodine was
2 mg twice a day. PFMT included only written instructions
to perform 15-20 contractions of 10-second holds three
times a day plus performing precontractions of the PFM
("the knack") before coughing. The intervention period was
24 weeks. The results showed no additional effect of adding
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PFMT to tolterodine. This study can be criticized for using
a weak PFMT protocol. There was no assessment of correct
contraction and several studies have shown that written
instruction is not enough to ensure high adherence or
improve muscle function or incontinence. Results on adher
ence for tolterodine were reported, but not for PFM'f. Side
effects of tolterodine were: dry mouth 29.6%, headache
6%, constipation 4.8%, nausea 2.7%, dry eyes 2.5%, and
dizziness 2.4%.

The studies on PFMT to treat urge incontinence seem to
have several flaws, and the exercise protocols are not well
described. To date, the results are not convincing.

Electrical stimulation. The rationale for electrical
stimulation for overactive bladder seems to be the same as
for PFMT. Studies have shown that electrical stimulation
can inhibit detrusor contraction and this inhibition lasts
more than 1 minute after the stimulation has been given/"
However, it is not easy to understand how this effect can be
transferred to situations when the current is off. If electrical
stimulation is effective for overactive bladder symptoms,
there has to be a long-lasting change within the inhibitory
nervous pathway to the detrusor.

There are several RCTs on electrical stimulation to treat
bladder overactivity.44,47,58,61-63 Smith randomized 38 women
with detrusor instability to electrical stimulation or anti
cholinergic therapy (propantheline bromide) plus bladder
training." Electrical stimulation was given with treatment
time increasing from 15 to 30, 45 and 60 minutes twice a
day for 4 months and consisted of 5-25 rnA, 12.5-50 Hz.
Twenty-two percent were reported to be cured, 50% were
improved, and 28% were failures after electrical stimulation.
There were no differences between electrical stimulation
and the control group. Abel randomized 22 patients with
urodynamically proven urge incontinence to either maximal
stimulation 20 minutes once a week for 12 weeks or sham
device." The results showed significant improvement in
subjective evaluation for the active electrical stimulation, but
no difference in leakage episodes. Brubaker et al randomized
female patients with urodynamic SUI, detrusor instability
or mixed incontinence to 8 weeks of 20 Hz, ~100 rnA, 20
minutes twice a day or sham device." Forty-nine percent no
longer had detrusor instability after the intervention.

Yamanishi et al randomized 68 men and women to 4
weeks' electrical stimulation with 10Hz, 1 ms Pulserate, 15
minutes twice a week, for 4 weeks or sham device." Bladder
capacity and first and maximum desire to void significantly
improved in the active group. Seven and one were cured in
the active and sham groups, respectively, and 26 and nine
were improved. Berghmans et al randomized 68 women
with urodynamically proven bladder overactivity to "lower
urinary tract exercise," vaginal functional electrical stimu
lation (4-10 Hz, max. level 100 rnA), combination or

untreated control/" Significant improvement was found in
the electrical stimulation group in the intention-to-treat
analysis, but not in per protocol analysis. The group com
bining electrical stimulation and exercises did not show
improvement Wang et al randomized women with overactive
bladder symptoms to PFMT, biofeedback-assisted PFMT or
electrical stimulation." The electrical stimulation group
showed the best subjective reduction rate of symptoms.

All the RCTs on electrical stimulation to treat overactive
bladder symptoms have shown significant improvement in
some outcome measures. However, the researchers have
used different outcome measures and different electrical
stimulation equipment and parameters. It is therefore not
recommended to combine results in a statistical metaanaly
sis. Although significantly different, the effect sizes between
sham and active treatment do not seem very large and the
results are not clear-cut. The electrical stimulation
parameters vary between studies and it is impossible to
recommend the most effective electrical parameters based
on the present results. More high-quality RCTs with
sufficient sample sizes are needed in this area of research.
Since there are very few treatment options without side
effects for this patient group, it is also important to conduct
more basic research to understand how electrical stimu
lation works and find those who respond to treatment.

Bladder training. Bladder training is also referred to
as bladder discipline, bladder drill, and bladder reeducation.'
It describes the educational and behavioral process used to
reestablish urinary control in adults. It was first described
in 1966 by Jeffcote and Francis as a program of scheduled
voiding.' Specific goals for bladder training include cor
recting bad habits of frequent urination, improving ability
to inhibit urgency, prolonging voiding intervals, increasing
bladder capacity, reducing incontinence episodes, and build
ing patient confidence in controlling bladder function.'

An effective 6-week bladder training program is described
in Wyman and Fantl.64

• Start with initial interval of 30 minutes to 1 hour
between voids.

• Increase interval by 15-30 minutes per week until 2-3
hour voiding interval is achieved.

• Educate patient on distraction techniques (e.g.
counting backwards from 100), relaxation techniques
or PFM contractions.

• Encourage self-monitoring of voiding behavior.
• Provide positive reinforcement.
• Give other treatment options if no effect after 3 weeks.

As can be seen from the above, bladder training mayor may
not include PFM contraction, and technically it should
therefore not be classified as PFM'f. There are several RCTs



comparing bladder training to untreated controls, PFMT or
drug therapy. Wilson et al concluded that bladder training
was an effective treatment for women with a variety of
incontinence types and that it has similar effects to drug
therapy in womenwith detrusor overactiviry.' Burgio et al65

and Mattiasson et al66 confirmed that bladder training aug
ments the effect of drug therapy.

One study showed that bladder training had similar
effects on stress and urge incontinence'" and another that it
had similar effects to PFMT in women with stress, urge, and
mixed incontinence." Wilson et al concluded that these
findings required further investigation' To date, there is no
clear understanding of how bladder training works and it is
difficult to understand how it can treat SUI if it does not
include specific PFM contractions.

Adverse effects of physical therapy. Few, if any,
adverse effects have been found after PFMT.3,4,18 The only
reported adverse effect is from a study by Lagro-Jansson
where one woman reported pain with exercise and three had
an uncomfortable feeling during the exercises/" In other
studies no side effects have been found."

Reported adverse effects after electrical stimulation have
included pain, discomfort, vaginal irritations or infections,
urinary tract infections, and diarrhea.18,41,7o In a Norwegian
study on 3100 women who had used electrical stimulation,
51% reported one or more side effects." The most common
side effects were soreness/local irritation (26%), pain
(20%), and psychologic distress. Most of the cases were mild.
Reported adverse effects with cones have included
abdominal pain, vaginitis, and bleeding,"

Long-tenn effects of physical therapy. Several
studies have reported long-term effects of PFM'f. 3,4
However, usually women in the non treatment or less effec
tive intervention groups have gone on to other treatment
after cessation of the study period. Follow-up data are
therefore usually reported for either all women or for only
the group with best effect. As for surgery/,71 there are only a
few long-term studies including clinical examination.i"?"
Klarskov et al assessed only some of the women originally
participating in the study." Lagro-Janssen et al evaluated
88 out of 110 women with stress, urge or mixed incontinence
5 years after cessation of training and found that 67%
remained satisfied with their condition." Only seven of
110 had been treated with surgery. Moreover, satisfaction
was closely related to compliance with training and type of
incontinence, with mixed incontinent women being more
likely to lose the effect. SUI women had the best long-term
effect, but only 39% of them were exercising daily or "when
needed."

In a 5-year follow-up, B0 and Talseth found that urinary
leakage was significantly increased after cessation of

URGE INCONTINENCE I

organized training." Three of 23 patients had been treated
with surgery. Two of these women who had not been cured
after the initial training were satisfied with their surgery, and
had no leakage on pad test. The third woman had been cured
after initial PFM training. However, after 1 year she stopped
training because of personal problems connected to the
death of her husband. Her incontinence problems returned
and she had surgery 2 years before the 5-year follow-up. She
was not satisfied with the outcome after surgery and had
visible leakage on a cough test and 17 g of leakage on the pad
test. Fifty-six percent of the women had a positive closure
pressure during cough and 70% had no visible leakage
during cough at 5-year follow-up. Seventy percent of the
patients were still satisfied with the results and did not want
other treatment options.

Cammu et al used a postal questionnaire and medical files
to evaluate long-term effects in 52 women who had partic
ipated in an individual course of PFMT for urodynamic
SUI.75 Eighty-seven percent were suitable for analysis.
Thirty-three percent had had surgery after 10 years.
However, in the group which was originally successful after
training only 8% had undergone surgery, whereas in the
group initially dissatisfied with training, 62% had undergone
surgery. Successful results were maintained after 10 years in
two-thirds of the patients originally classified as successful.
B0 and Kvarstein reported current status of lower urinary
tract function (LUTS) from questionnaire data 15 years after
cessation of organized training." They found that the short
term significant effect of intensive training was no longer
present. Fifty percent from both groups had interval surgery
for SUI but there were no differences in reported frequency
or amount of leakage between nonoperated and operated
women, and women who had surgery reported more severe
leakage and being more bothered by urinary incontinence
during daily activities than those not operated.

The general recommendation for maintaining muscle
strength is one set of 8-12 contractions twice a week." The
intensity of the contraction seems to be more important than
frequency of training. So far, no studies have evaluated how
many contractions subjects have to perform to maintain
PFM strength after cessation of organized training. In the
study by B0 and Talseth," PFM strength was maintained 5
years after cessation of organized training with 70%
exercising more than once a week. However, number and
intensity of exercises varied considerably between successful
women." One series of 8-12 contractions could easily be
incorporated into aerobic dance classes or recommended as
part of women's general strength training programs. On the
other hand, we do not know how a voluntary precontraction
before increase in intraabdominal pressure will maintain
or increase muscle strength. In the study by Cammu et al,"
the long-term effect of PFM training appeared to be attrib
uted to the precontraction before sudden increases in
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intraabdominal pressure, and not so much to regular strength
training. Muscle strength was not measured in their study.

There are no long-term studies on electrical stimulation
for either SUI or urge incontinence, and no studies on long
term effects of PFMT for urge incontinence.

Motivation. Several researchers have looked into factors
affecting the outcome of PFM exercise for urinary incon
tinence.l" No single factor has been shown to predict
outcome and it has been concluded that many factors tradi
tionally supposed to affect outcomes, such as age and
severity of incontinence, may be less crucial than previously
thought. Factors that appear to be most associated with
positive outcome are thorough teaching of correct con
traction, motivation, adherence to the intervention, and
intensity of the program.l"

Some women may find the exercises hard to conduct on a
regular basis." However, when analysing results of RCTs,
adherence to the exercise program is generally high, and
drop-out rate is low.'" In a few studies, low adherence and
high drop-out rates have been reported.36

,80 The physical
therapist's knowledge of behavioral sciences, such as peda
gogy and health psychology, and their ability to explain and
motivate patients may be crucial factors in enhancing
adherence and minimizing drop-outs from training. In some
studies such strategies have been followed and high
adherence has been achieved.V" In other studies specific
strategies have not been reported but emphasis has been put
on creating a positive, enjoyable, and supportive training
environment. Group training after thorough individual
instruction may be a good concept if led by a skilled and
motivating person.18

,23 (Fig. 14.5). PFMT programs with no
drop-outs" and adherence >90% 18 are possible.

In a study by Alewijnse," most women were still fol
lowing advice to train~ times a week 1 year after cessation
of the training program. The following factors predicted
adherence: positive intention to adhere, high short-term
adherence levels, positive self-efficacy expectations, and
frequent weekly episodes of leakage before and after initial
therapy. Patients do not comply with treatment for a wide
variety of reasons: long-lasting and time-consuming treat
ments, requirement of lifestyle changes, poor client/patient
interaction, cultural and health beliefs, poor social support,
inconvenience, lack of time, motivational problems, and
travel time to clinics have been listed."

In most countries, patients receive physical therapy on
physician referral only. This means that the motivation of
the general practitioner, gynecologist or urologist for PFMT
and conservative treatment is extremely important. If these
professions are not updated on the effect of PFMT, do not
know any trained physical therapists in their area or think
PFMT is boring and a big demand, then patients may not
even be introduced to the option of training. PFMT can

Figure 14.5 When the patients are able to contract the pelvic floor
muscles correctly, it can be fun and motivating to conduct the
actual training in a class. An elderly woman, not able to achieve
the positions on the floor, is doing modified positions on the chair.
The children at the back are not exercising! They came with their
mothers to the class because they did not have a babysitter that
day...

either be put forward as a "boring demanding task you need
to do the rest of your life" or it can be introduced as a
method that is "easy, at a low cost and with no side effects. It
may take less than 10 minutes per day to build up strength if
it is conducted correctly (three sets of 8-12 contractions a
day), and it takes even less to maintain it." The number of
physical therapists specializing in women's health and pelvic
floor issues varies between countries. In order to recruit
more physical therapists into the field, it may be important
to include a mandatory curriculum on pelvic floor dys
function and treatment at undergraduate education level,
add courses at postgraduate level, and stimulate urologists,
gynecologists, and urogynecologists to participate in
teaching of physical therapists and vice versa.

FUTURE RESEARCH POSSIBILITIES
• What are the mechanisms for PFMT in treatment of

SUI?
• How strong does "the knack" have to be to stop leakage

during different physical tasks?
• Can responders to PFMT be described and the

treatment targeted to specific groups?
• What is the effect of PFMT in the older age group

(> 75 years)?
• Can contraction of the PFM to inhibit detrusor

contraction treat urge incontinence?
• How strong does the intentional contraction of the

PFM have to be to inhibit detrusor contraction?
• How does electrical stimulation work for SUI and urge

incontinence?
• How can women with UI be motivated to continue

PFMT on their own?
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INTRODUCTION
This chapter covers surgery for stress incontinence, post
surgical voiding dysfunction, and refractory detrusor
overactivity.

SURGERY FOR STRESS INCONTINENCE
OF URINE
Surgery for stress incontinence of urine has undergone
closer scrutiny than many surgical procedures over the past
decade. This is partly due to the number of women who
require such surgery and partly because of the wide variety
of procedures performed. This section will include a critical
review of the procedures.

Anterior colporrhaphy. Anterior colporrhaphy has
become less popular for the treatment of stress incontinence
of urine since the literature has revealed a lower chance of
success and a higher chance of recurrence than with retro
pubic support procedures. Metaanalyses of heterogeneous
studies suggest a continence rate after anterior repair of
between 67.8% and 72.0%.1.2 Randomized trials which include
anterior repair in one arm and suprapubic studies in the
other arm show a continence rate of 66% for anterior
repair,' A lO-year follow-up of anterior repair reported a
success rate of 38%.4 The anterior repair is still offered as
treatment for stress incontinence by some clinicians because
of the relatively low morbidity associated with the proce
dure and also because it may be part of a prolapse repair
procedure. The incidence of detrusor overactivity following
the procedure is not greater than 6% and long-term voiding
dysfunction following the procedure is rare.'

Colposuspension. Open colposuspension, which can
be performed as either a primary or secondary procedure,
has been shown to produce an objective cure rate of 80-90%
in many series. The long-term results of Burch colpo
suspension have suggested that its efficacy is maintained
through time, although most procedures do report recur-

renee. Demirci et al reported that the cure rate dropped
from 87.7% in a mean follow-up of 1.5 years to 77.4% in a
mean follow-up of 4.5 years.' Persistent voiding difficulties
were reported by Viereck et al in 3.5% of a large series of
women who underwent Burch colposuspension and were
followed up over 3 years," Shorter term voiding dysfunction
occurs in 10-15% of women after colposuspension and
postoperative detrusor overactiviry has been described in
6.6%.7 Genitourinary prolapse has been reported following
Burch colposuspension in over 20% of women. Whilst most
women are aware of the prolapse, less than 5% request
further surgery.

Needle suspension. Needle suspension procedures
were developed after open colposuspension in an attempt to
provide a less invasive operation. Despite the early promise,
such procedures have been largely abandoned due to reports
of a high risk of recurrence. Glazener and Cooper per
formed a metaanalysis of randomized or quasi-randomized
trials that included needle suspension for the treatment of
stress urinary incontinence." Eight trials were identified
which evaluated six different types of needle suspension in
327 women compared with 407 who had other antiincon
tinence procedures. Although the reliability of the evidence
was limited by poor quality and small trials, the authors
demonstrated a 74% subjective success rate at l-year follow
up. Needle suspension resulted in a 48% perioperative com
plication rate. Longer term cure rates have been generally
lower than open colposuspension and Tebyani et al reported
a 5% cure rate at a mean follow-up of 29 months,"

Laparoscopic colposuspension. Whilst there are
over 50 published reports on laparoscopic colposuspension,
there is still insufficient robust information to determine
whether it can produce a similar cure rate to open colpo
suspension. The Cochrane Incontinence Review Group
performed a rnetaanalysis of four randomized controlled
trials lO

•
13 which demonstrated no subjective difference in

outcome in up to 18 months follow-up. Objective criteria 151
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indicated an additional 9% risk of failure for laparoscopic
colposuspension when compared to open colposuspension.
It is widely accepted that laparoscopic surgery requires
additional skills that all surgeons do not have the oppor
tunity or desire to learn. Trials in other specialties com
paring laparoscopic and open surgery have suggested that
laparoscopic procedures should only be performed where
such expertise is available.l"

There is evidence to suggest that a minimum of two
sutures should be used on each side when performing
colposuspension.l' Whilst some studies have demonstrated
reduced postoperative morbidity following laparoscopic
colposuspension, most studies have shown that operating
time is longer with the laparoscopic procedure. Although
studies have suggested that blood loss is reduced with the
laparoscopic procedure and postoperative stay is shorter, all
studies published to date suffer from insufficient numbers
and short-term follow-up.

Further trial reports are awaited to determine whether
laparoscopic colposuspension has a role in the treatment of
stress urinary incontinence.

Slings. Pubovaginal slings have been described since the
beginning of the 20th century. While advancements have
been made in sling surgery, there are many variables which
influence outcome in ways that are not yet fully understood.
Autologous slings (using patients' own tissues) became more
popular after Aldridge described the use of rectus sheath
fascia in 1942.16 Fascia lata has also been employed, and
while rectus sheath and fascia lata appear to have similar
properties and are not rejected, the quality of support pro
vided by such procedures is quite variable and there is a lack
of understanding of the biologic processes which occur after
insertion.

Cure rates following autologous slings range from 50%17
to 100%.18 Long-term follow-up of autologous sling proce
dures suggests that success is sustained over time.

Sling procedures have been associated with voiding
dysfunction in some series but it is believed that this resulted
from use of excessive tension in the sling.

Allograft slings. The use of cadaveric materials avoids
the dissection required for autologous material but in
recent years concern about the risk of transmission of HIV
and CJD has tempered enthusiasm for this approach. Some
studies have shown higher recurrence rates than with autolo
gous materials and this is believed to be due to tissue lysis."

Xenograft slings. Animal tissues have been used in
cutaneous and soft tissue reconstruction for many years.
Bovine and porcine epidermis and intestinal submucosa
have been employed but there are no studies that are
sufficiently robust to indicate that xenograft materials

should be used instead of autologous or allograft slings. Most
series reported are small and with short follow-up. Long
term evaluation is required before biocompatibility and risk
can be fully assessed.

Tension-free vaginal tape (TVT). Since the TVT
procedure was first described in 1996,20 widespread adoption
of this suburethral sling procedure has occurred. The TVT
procedure is based on a theory of pathophysiology of
stress incontinence presented by Petros and Ulrnsten."
TVT has been compared with open colposuspension in a
multicenter randomized trial for primary treatment of stress
urinary incontinence." No difference in subjective and
objective cure rates was found between the two procedures
at 6 months follow-up. Ward and Hilton assessed cure using
objective and subjective means and, although the two pro
cedures produced a similar cure rate, the trial highlighted
the variation in cure rate according to how cure was defined.
When cure was assessed by pad test, 80-90% of women were
cured whilst when a symptom questionnaire was used, only
30% of women were completely dry.

Although perioperative morbidity in the form of bladder
injury was more common during the TVT procedure, there
were no long-term sequelae from the bladder injuries
reported (9% for the TVT versus 3% for colposuspension).
Delayed voiding, operation time, hospital stay, and return
to normal activity were all significantly longer after open
colposuspension. At 2-year follow-up, objective cure rate
was found to be similar. Reoperation for pelvic organ pro
lapse was higher in the colposuspension group, suggesting
that colposuspension produces a higher risk of anatomic
distortion resulting in prolapse postoperatively. Long-term
objective results of the TVT procedure are now available
from case series and suggest a sustained curative effect. Nilsson
et al reported that at a median follow-up of 56 months, 85%
of women were objectively and subjectively cured."

Numerous procedures similar to the TVT have been
produced by commercial organizations with little data
to support their introduction. The introduction of the
obturator tape also lacks long-term evidence to support
its use and the purported advantage with respect to the
avoidance of bladder and vessel injuries has yet to be
substantiated.

Injectable agents. Numerous injectable agents have
been described over the past century, including autologous
tissues such as fat and cartilage, bovine collagen, polytetra
fluoroethylene (Teflon) and polydimethylxyldioxane elas
tomer (silicone). Each of these different agents has variable
biophysical properties that influence factors such as tissue
compatibility, tendency for migration, radiographic density,
durability, and safety. The ideal periurethral injectable agent
has not yet been identified.



Injectable agents can be introduced transurethrally, with
or without endoscopic assistance, or transperineally. Most
of the agents can be introduced without general or regional
anesthesia and have therefore been recommended for
women who wish to avoid more invasive therapy. The
optimal location has not been defined to date.

Most trials of periurethral injectable agents involve few
patients with short-term follow-up. In theory, injectable
agents should be of more value in patients with intrinsic
sphincter deficiency, although there is evidence that women
with urethral hypermobility may also benefit from peri
urethral injection.

Collagen has been compared to carbon-coated zirconium
beads and the agents were found to be equally effective at
12 months follow-up." Collagen has been found to be more
effective than autologous fat in women with intrinsic
sphincter deficiency" although fat has not been found to
be superior to an injection of saline periurethrally." When
collagen injection was compared to autologous pubovaginal
slings in 50 women with stress incontinence due to ISD and
urethral hypermobility at a mean of 22 months follow-up,
the respective cure rates were 81% and 25%.27 It would
therefore appear that whilst periurethral injections may offer
advantage in no more than 20% of women in the longer
term, they are less invasive than other procedures described
and may be considered of value by some women. The mor
bidity associated with periurethral injectable agents is low
and includes urinary tract infection, allergic reactions, and
particle migration for nonabsorbable agents.

Artificial urinary sphincters. The literature related to
the use of artificial urinary sphincters is difficult to evaluate
since reports include patients with a heterogeneous history
and range of symptoms. Most series include patients who
have had numerous previous continence procedures. A 92%
cure rate has been reported if the detrusor remains stable
after surgery." Many patients require surgical revision and
some ultimately require removal. Richard reported that
17% of patients required an average of two revisions over an
8-year follow-up."

POSTSURGICAL VOIDING DYSFUNCTION
SURGERY
The reported incidence of voiding dysfunction due to obstruc
tion after incontinence surgery ranges from 2.5 to 24%. Raz
defined three distinct groups of patients with bladder outlet
obstruction symptoms after previous continence surgery.'?

• obstructed only: these patients produce a detrusor
pressure greater than 35 cmH20 without urinary flow

• poor detrusor function
• obstructed and incontinent.

SURGERY FOR REFRACTORY DETRUSOR OVERACTIVITY

There have been no randomized trials to define the optimal
management for each of these groups.

Although women with voiding dysfunction may present
with frequency, hesitancy, poor urinary stream, and a sen
sation of incomplete bladder emptying, there is often a
poor correlation of such symptoms and the finding of high
residual urine. Irritative symptoms are often recorded and
recurrent urinary infection and incontinence may compli
cate the clinical picture. Diagnosis is best made by recording
a careful history, including a urinary diary, and physical
examination to assess the position of the anterior vaginal
wall and urethra, particularly under strain, and the presence
of additional pelvis masses, including a loaded rectum.
Urodynamics, including uroflowmetry, cystometry and
pressure flow studies, should give vital information to pro
cure a diagnosis. Radiographic studies during cystometry
(voiding cystourethrogram) may provide additional infor
mation but most clinicians would only employ this when the
diagnosis is unclear using conventional studies.

Treatment
Clean intermittent self-catheterisation. Most women
find clean intermittent self-catheterization (CISC) an unde
sirable but effective means of managing bladder emptying.
The recommended frequency varies depending on the
patient's voiding but ideally the catheterization volume
should be kept below 400 ml to reduce the risk of urinary
infection. If the patient suffers from irritative symptoms,
anticholinergic drugs may be added to the regime, although
inevitably natural voiding will be further inhibited.

Urethral dilation. Urethral dilation and calibration may
be helpful particularly in women whose urethral caliber is
reduced by either surgery or atrophy. Urethral dilation has
never been carefully evaluated.

Urethrolysis. Urethrolysis may be performed vaginally or
retropubically and may involve a simple separation of the
paraurethral tissues or a complete surgical mobilization of
the urethra. When a TVT has been inserted, the tape can
be divided under the urethra or paraurethrally. All such
procedures carry a risk of a return of stress incontinence
postoperatively and many women prefer to perform self
catheterization rather than take such a risk.

SURGERY FOR REFRACTORY DETRUSOR
OVERACTIVITV
Surgical treatment of nonneurogenic detrusor overactivity
incontinence is generally reserved for patients who have
failed trials of nonsurgical treatment. Such surgical treat
ment has not been studied in robust clinical trials and most
of the evidence is from case series.
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Endoscopic surgical procedures
Endoscopic bladder transection. Circumferential
endoscopic incision proximal to the bladder neck, termed
endoscopic bladder transection, has been employed to
denervate the bladder. Although the early reports indicated
that it was an effective technique, subsequent series have
failed to reproduce these results and the procedure is now
rarely performed.

Cystodistension. Overdistension of the bladder under
regional or general anesthesia has been utilized for over
30 years to treat bladder cancer, interstitial cystitis, and
detrusor overactiviry, There have been no randomized con
trolled trials to assess the value of cystodistension and the
literature on cystodistension for detrusor overactivity
incontinence includes mainly small retrospective case
series with short-term follow-up and subjective outcome
parameters. Eighty percent substantial improvement or
cure at 13 months follow-up has been reported." Con
versely, Delaere et al reported only 11% cure at 12 months
follow-up with 21% improved" Cystodistension with a
balloon has been reported but in a series of 46 patients,
Pen gaily et al noted that none of their patients' urodynamics
demonstrated a stable bladder after the procedure."
Cysrodistension is not without risk, with complications such
as bladder rupture and voiding dysfunction being reported
postoperatively.

Transvesical phenol injection. A 5% aqueous solution
of phenol injected endoscopically into the trigone of the
bladder with a view to producing a chemical denervation
has been described. Whilst early reports indicated response
rates between 58% and 83%,34 further longer term follow
up studies reported much lower success rates and at 4-year
follow-up, no patients were found to have a sustained
response." Furthermore, 1/10 women may suffer a signifi
cant complication of the phenol injection.

Open surgical procedures
Ingelman-Sundberg denervation. Surgical transsec
tion of preganglionic pelvic nerves near the inferior surface
of the bladder through a transvaginal approach was first
described by Ingelman-Sundberg in 1959. This report has
been followed by a number of small series with short-term
follow-up. Some surgeons have employed injection of local
anesthetic in the region of the trigone as an indicator of the
potential value of the surgical procedure. Using this
approach, a 68% cure or improved rate has been reported at
a mean follow-up of44 months." No randomized blinded or
placebo-controlled studies to evaluate this technique have
been performed. The most frequently reported complication
is voiding dysfunction.

Augmentation cystoplasty. The aim of augmentation
cystoplasty is to create a high-capacity, low-pressure
reservoir during the filling/storage phase of the micturition
cycle. Bladder augmentation using different portions of the
gastrointestinal tract has been reported in a small number of
case series in nonneurogenic detrusor overactivity inconti
nence. In a series of 51 women published by Awad et aI, only
53% of the women classified themselves as "happy" with
the outcome of the surgery and 18% continued to have
disabling symptoms of urinary incontinence." Neurogenic
detrusor overactivity series have reported more satisfactory
outcomes. Augmentation of the bladder with a segment of
bowel may lead to significant complications in the short and
long term. The need for intermittent self-catheterization to
ensure complete bladder emptying, mucous build-up, and
malignant transformation are all significant complications
which may contribute to the decreasing satisfaction rates
with time.

Detrusor myotomy or myectomy has been reported as
a form of autoaugmentarion, Autoaugmentation avoids the
complications related to the use of a bowel segment and
is believed to produce its effect by creating a pseudo
diverticulum. Most reports of autoaugrnentation include
children and reports on adults involve only small case series.
Ter Meulen et al reported initial improvement but dete
rioration in four out of five women treated with ongoing
involuntary detrusor contractions, continuing on follow-up
cystomerry."

Complications of autoaugmentarion include recurrent
urinary infection and urinary extravasation. A study com
paring detrusor myectomy with augmentation cystoplasty
in 61 patients reported similar rates of success between
the two procedures but a significantly lower incidence of
complications in the detrusor myectomy group (22%
versus 3%).39

Urinary diversion. Abdominal urostomy is chosen by
some women to avoid the problems created by urinary
incontinence to the perineum. Alternatively, the ureters can
be diverted to a segment of ileum but these techniques have
not been published for the treatment of nonneurogenic
detrusor overactivity.

Neuromodulation. Neuromodulation or nerve stimu
lation may be employed in the form of sacral nerve
stimulation (SNS) or peripheral nerve stimulation (SANS).
The mechanism of the action of these techniques is not
understood.

SACRAL NERVE STIMULATION. Sacral nerve stimulation (SNS)
involves the stimulation of the sacral nerves to modulate the
neural reflexes that influence the bladder, sphincter, and



pelvic floor. Since it was first reported in 1981 for bladder
dysfunction, its use has been extended to include significant
urgency, frequency, and idiopathic urinary retention.

Placement of stimulation electrodes is usually a two-stage
procedure. In stage 1, a stimulation lead is implanted next
to the dorsal root of S3 for a few weeks. If the patient's
symptoms improve more than 50%, stage 2 follows, in
which a permanent neural stimulator is implanted. Schmidt
reported a multicenter series of 76 patients who were
randomized to either implantation or a control group (in
whom implantation was delayed for 6 monthsj.l" Of the
34 patients who were implanted, 16 were completely dry
and 10 demonstrated a greater than 50% reduction in
incontinence episodes. However, when the stimulators were
inactivated, this group returned to their pretreatment level
of incontinence.
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Conservative Treatment of Anal
Incontinence

CHAPTER

16
Christine Norton

INTRODUCTION
There are currently no comparisons of conservative versus
surgical management of anal incontinence (AI) and very
little guidance on how to select options for individual
patients. Apart from clear cloacal injuries or defects and
complete rectal prolapse, it is usual to encourage a trial of
nonsurgical interventions before embarking on surgery.I
Figure 16.1 gives an algorithm for patient management/
Conservative options, although described separately here,
are in clinical practice often combined, and it is that
combination which will often yield the best results.

PATIENTTEACHING AND EDUCATION
Patient education and teaching may have a value, even
without any formal exercises or other interventions.Y' Many
people have limited knowledge about how the bowel works
and limited understanding of the implications of their symp
toms. This can lead to ineffective or even counterproductive
measures being taken by the patient. Several books" and
websites (www.iffgd.org; www.bowelcontrol.org.uk) give
useful information for patients. The patient who has insight
into the condition will often be a more active participant
in her own care and this is vital for most conservative
options.

LIFESTYLE INTERVENTIONS
There are known associations in the epidemiologic liter
ature between certain "lifestyle" factors and fecal inconti
nence (FI) (see Chapter 8). However, it is not known at
present whether weight loss, smoking cessation, avoiding
heavy lifting or any other measure is useful clinically for
patients with FI. Nicotine is a known colonic stimulant' and
clinically some patients with urgency seem to benefit from
reducing smoking or altering the timing of smoking to avoid
stimulating the urge to defecate.

DIETARY MANAGEMENT
Diet has a major influence on bowel function and stool
consistency, and as such is an obvious target for manipu
lation in patients with Fl. Usually, firmer stool is easier to
control and less likely to leak. However, there have been
remarkably few studies either on the relationship of diet
to symptoms or on dietary interventions as treatment. It has
been found that people with FI do not eat a diet which
differs significantly from controls without bowel symptoms,"
Both increasing" and decreasing!" fiber content have been
found useful in FI. In patients with FI associated with loose
stool, one RCT has found benefit from two different sources
of soluble fiber, when compared to placebo. The type of
fiber and the initial baseline in the diet may be important,
although this remains to be defined.

A diet and bowel diary can help the patient to identify
any foods which may be associated with worsening of symp
toms. Specific foods can make a huge difference to some
patients, particularly those with the irritable bowel syn
drome. This seems to be very individual and finding any
associations is largely a matter of trial and error. Where a
sensitivity or allergy is suspected, formal advice and even an
exclusion diet supervised by a dietician can be helpful. If
dairy products are found to worsen symptoms, care must be
taken that adequate calcium intake is maintained, especially
in postmenopausal women.

Reducing caffeine intake can improve frequency and
urgency, although if caffeine intake is high, this should
be reduced gradually to avoid headaches consequent on
caffeine withdrawal. Artificial sweeteners, especially sor
bitol, can also cause loose stool and can be reduced. If
alcohol intake is contributing to intestinal hurry, this should
be moderated.

The importance of an adequate fluid intake to promote
a regular bowel habit and prevent constipation has been
questioned, II although there is some evidence that severe
restriction to the point of dehydration can promote

1&9
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constipation." As long as the patient is adequately hydrated,
any extra fluid intake is more likely to influence urine than
stool output.

The role of probiotics in bowel function is gaining
increasing attention. These "good bacteria" have been found
to be beneficial in inflammatory bowel disease and may have
a more generally beneficial effect in regulating or modifying
bowel function.

BOWEL HABIT AND RETRAINING
Unlike the bladder, where urine is present continuously
24 hours a day, bowel function is for most people episodic.
If complete evacuation can be achieved at a predictable
time, the role of the sphincters is relatively minor and the
patient can be continent even with quite severely impaired
sphincter function. For this reason, an attempt to regularize
bowel habit and achieve complete evacuation should be



made. Bowel motility is at its maximum in the morning after
rising and eating or drinking and, where feasible, the patient
is encouraged to make time and privacy after breakfast
to attempt defecation. This can be difficult in modern
lifestyles.

The patient can also be helped to achieve complete
evacuation by instruction on defecation posture and pushing
without straining (see Box 16.1). It can take several weeks
until a regular habit is established. If the patient is actually
constipated, with "overflow" type FI, achieving complete
bowel evacuation is associated with reduced FI.13 This is
mostly relevant to frail or disabled people and children, and
may need to be achieved by the use oflaxatives and/or rectal
evacuants.

Biofeedback is often used to treat adults with chronic
constipation by teaching correct evacuation techniques.l"
There has been no study of its use to treat constipation-

Box 16.1 Patient instruction for complete evacuation

Getting into a regular habit

Most people's bowels respond best to a regular habit. Some
of us are too busy to make time for our bowels. Others live a
very irregular lifestyle which makes a habit difficult.

The bowel usually goes to sleep at night and wakes up in
the morning. Eating, drinking, and moving around all
stimulate the bowel. The most likely time for a bowel action
is about 30 minutes after the first meal of the day.

This makes it important not to skip breakfast. Try to eat at
least something for breakfast and take two warm drinks. Try
to make 5-10 minutes of free uninterrupted time about 30
minutes later. This is not always easy if your house is busy in
the morning, so you may need to plan ahead or get up a
little earlier while you retrain your bowel.

Sitting properly

The way you sit on the toilet can make a big difference to
ease of opening your bowels. The "natural" position (before
toilets were invented) is squatting. Countries where squat
(hole in the floor) toilets are still common seem to have
fewer problems with constipation.

While actually squatting is not very practical, many
people find that adopting a "semi-squat" position helps a
lot. One of the footstools that toddlers use to reach a sink is
ideal, 8-12 inches high (20-30 ern), Position this just in front
of your toilet and rest your feet flat on the stool, keeping
your feet and knees about 1 foot (30 cm) apart. Lean
forwards, resting your elbows on your thighs. Try to relax.

Breathing

It is important not to hold your breath when trying to open
your bowels. Many people are tempted to take a deep breath
in and then hold their breath while trying to push. Try to
avoid this. Sit on the toilet as described above, relax your
shoulders and breathe normally. You may find it easiest to
breathe in through your nose and out through your mouth.

If you hold your breath and push, this is STRAINING
which tends to close your bottom more tightly. Also, if you
hold your breath, you are limited in how long you can hold
this and when you have to take the pressure off and breathe,
you tend to be back to square one.

BOWEL HABIT AND RETRAINING I
associated FI in adults but children with constipation
associated FI can learn to relax the pelvic floor muscles
during attempts to defecate. An ReT by van der Plas and
colleagues" showed that combined treatment with biofeed
back and laxatives was associated with a higher success rate
at the end of training (39% vs 19%), but by follow-up 12
months later, there were no differences between groups.
Other studies support these findings by showing either
no difference between the laxative-only group and a
biofeedback group" or faster acquisition of continence in
the biofeedback group but no long-term difference in
success rare."

Patients with urgency often benefit from bowel retraining
in the form of an urge resistance program akin to bladder
retraining for an overactive bladder. If you have experienced
urge fecal incontinence once, the natural temptation is then
to rush to the toilet at the first sensation of rectal filling, in

If you find that you cannot help straining and holding
your breath, try breathing out gently, or humming or reciting
a nursery rhyme.

Pushing without straining

The best way to open your bowels is by using your abdominal
(stomach) muscles to push. Leaning forward, supporting
your elbows on your thighs and breathing gently, relax your
shoulders. Make your abdominal muscles bulge outwards to
"make your waist wide:' Now use these abdominal muscles
as a pump to push backwards and downwards into your
bottom. Keep up the gentle but firm pressure.

Relaxing the back passage

The final part of the jigsaw is to relax the back passage.
Many people with constipation actually tighten the back
passage when they are trying to open the bowels, instead of
relaxing, without realizing what they are doing. This is like
squeezing a tube of toothpaste while keeping the lid on!

To locate the muscles around the back passage, firstly
squeeze as if you are trying to control wind. Now imagine
that the muscle around the anus is a lift. Squeeze to take
your lift up to the first floor. Now relax, down to the ground
floor, down to the basement, down to the cellar.

Putting it all together

This is a bit like learning to ride a bike. The above
instructions tell you WHAT to do but do not tell you HOW to
do it. It sounds simple but coordinating everything takes
practice, and you have to work it out for yourself. Some
people find it easier than others.

• Sit properly
• Breathe normally
• Push from your waist downwards
• Relax the back passage

Keep this up for about 5 minutes, unless you have a bowel
action sooner. If nothing happens, don't give up. Try again
tomorrow. It often takes several weeks of practice until this
really starts to work and a regular habit is established. 181
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order to preempt an accident. This can become a vicious
circle of hypersensitivity and vigilance, with any rectal sensa
tion resulting in a feeling of panic and a flight to the toilet
"just in case."Just as deliberate ignoring of the call to stool
can result in reduced bowel frequency," it is feasible that
continual attempts to defecate, coupled with anxiety, could
stimulate gut activity and result in even greater frequency.

Patients with urgency are given a progressive program of
urge resistance, on or near the toilet to start with and then
progressively holding on for longer and farther away from
the toilet as confidence grows. This can take courage and
perseverance but is helpful for many patients, even without
formal exercises.' It can be accompanied by progressive
rectal distension training during biofeedback sessions (see
below).

EXERCISES AND BIOFEEDBACK
The mainstay of conservative management of FI in the
colorectal and gastroenterology literature is "biofeedback."
There have been almost no studies of exercises alone, in the
manner of pelvic floor exercises for urinary incontinence.
Almost all studies until very recently have utilized some
method of biofeedback. Many studies have been very small
and most are case series with no controls. The almost
universally positive results. in over 40 reports, even allowing
for publication bias in favor of submitting and publishing
positive reports, do suggest at least some clinical merit, with
two-thirds of patients with FI deriving at least some benefit
and up to half reporting symptom resolution.i"

Three different types of biofeedback have been described.

Rectal sensitivity training. A rectal balloon is grad
ually distended with air or water and the patient is asked to

report first sensation of rectal filling. Once this threshold
volume is determined, repeated reinflations of the balloon
are performed with the objective being to teach the patient
to feel the distension at progressively lower volumes." The
rationale is that some patients are found to have high
threshold volumes and if the patient detects stool arriving
sooner, there is more possibility to either find a toilet or use
an anal squeeze, or both. Conversely, the same technique has
also been used to teach the patient to tolerate progressively
larger volumes in those with urgency and a hypersensitive
rectum."

Strength training. Biofeedback techniques have been
used to demonstrate anal sphincter pressures to the patient,
thereby enabling teaching of anal sphincter exercises and
giving feedback on performance and progress. This can be
achieved by using EMG skin electrodes, manometric
pressures or intraanal EMG. The patient is encouraged, by
seeing or hearing the signal, to enhance squeeze strength

and endurance. There is no consensus on an optimum exer
cise regimen for use at home between sessions, nor on the
number of squeezes, the frequency of exercises or treatment
duration, with different authors describing very different
programs." Box 16.2 gives one suggested prograrn.!"

Coordination training. Some authors have described a
three-balloon system for biofeedback for FI. One distension
balloon is situated in the rectum; the second and third

Box 16.2 Patient instructions for anal sphincter
exercises

Note: Length ofsqueeze and number of repetitions are
individualized (figures in brackets), depending on what is
achieved at the initial assessment.

Sit comfortably with your knees slightly apart. Now
imagine that you are trying to stop yourself passing wind
from the bowel.To do this, you must squeeze the muscle
around the back passage.Try squeezing and lifting that
muscle as tightly as you can, as if you are really worried that
you are about to leak.You should be able to feel the muscle
move. Your buttocks, tummy, and legs should not move
much at all. You should be aware of the skin around the back
passage tightening and being pulled up and away from your
chair. Some people find it helpful to imagine that they are
trying to pick up a penny from the chair with their anal
sphincter muscles. You are now exercising your anal
sphincter. You should not need to hold your breath when you
tighten the musclesl

Now imagine that the sphincter muscle is a lift. When you
squeeze as tightly as you can, your lift goes up to the 4th
floor. But you cannot hold it there for very long, and it will
not get you safely to the toilet, as it will get tired very
quickly. So now squeeze more gently, take your lift only up
to the 2nd floor. Feel how much longer you can hold it than
at the maximum squeeze.

Practising your exercises

1. Sit, stand or lie with your knees slightly apart. Tighten
and pull up the sphincter muscles as tightly as you can.
Hold tightened for at least (5) seconds and then relax for
at least 10 seconds to allow the muscle to recover.

Repeat at least (5) times. This will work on the strength
of your muscles.

2. Next, pull the muscles up to about half of their maximum
squeeze. See how long you can hold this for. Then relax
for at least 10 seconds.

Repeat at least (5) times. This will work on the
endurance, or staying power, of your muscles.

3. Pull up the muscles as quickly and tightly as you can and
then relax and then pull up again, and see how many
times you can do this before you get tired. Try for at least
(5) quick pull-ups.

4. Do these exercises-(5) as hard as you can, (5) as long as
you can and as many quick pull-ups as you can-at least
(10) times every day.

5. As the muscles get stronger, you will find that you can
hold for longer than 5 seconds, and that you can do more
pull-Ups each time without the muscle getting tired.

6. It takes time for exercise to make muscle stronger. You
may need to exercise regularly for several months before
the muscles gain their full strength.



smaller pressure-recording balloons are situated in the
upper and lower anal canal. Rectal distension triggers the
rectal-anal inhibitory reflex (see Chapter 3).

This momentary anal relaxation is a point ofvulnerability
for people with FI and incontinence can occur at this time.
By distending the rectal balloon and showing the patient this
consequent pressure drop, the aim is to teach the patient to
counteract this by a voluntary anal squeeze, hard enough
and for long enough for resting pressure to return to its
baseline level. Some patients are performing unintentional
counterproductive maneuvers when they feel the urge to
defecate, such as bearing down or thinking that they are
squeezing when no pressure rise is seen, and this can also be
corrected.

These three methods are not mutually exclusive and many
protocols combine two or three elements together. One
small controlled study has suggested that the sensory train
ing may be the most effective element.f Recent controlled
studies have suggested that the "biofeedback" element, in
what is inevitably a complex intervention involving a lot of
time, attention and patient teaching and advice, may not be
the most important element.Y' with equally good results
achieved using exercises taught and monitored without
biofeedback, and indeed equal results without any exercises
if the same amounts of time, attention, and teaching are
given.' However, it remains a useful adjunct in some patients
and can be seen as providing a framework for consultation
sessions,

ELECTRICAL STIMULATION
Attempts have been made to improve anal sphincter
function by using surface electrical stimulation delivered by
various methods. Older methods such as faradism were
uncomfortable and interferential current was ineffective, but
newer equipment is much more comfortable and well
tolerated. Skin electrodes or intraanal plugs may be used,
with the latter delivering current more directly to the
sphincter muscles. A few case series have reported benefit,
although there are very few controlled studies."

One controlled study found that electrical stimulation
plus biofeedback was possibly superior to biofeedback alone
for 40 women with postnatal FI, but the study did not
compare like methods of biofeedback in the two groups."
Other uncontrolled studies have reported improvernenr'Y?
although not all studies have been positive.28

,29 If electrical
stimulation is effective, the mechanism could be via direct
muscle stimulation and/or by improving sensation and
responsiveness. There is one controlled study suggesting
that sensitization may be the primary mechanism as stim
ulation at 35 Hz and at 1 Hz has equal effect," The optimum
stimulation parameters remain to be determined.

DRUG MANAGEMENT I

DRUG MANAGEMENT
Drug treatment for FI aims to modify gut motility, increase
sphincter pressures or achieve complete evacuation. The
evidence base is very limited" and as most of the medication
used is off patent, it does not seem likely that large new
studies will be developed.

Loperamide (Imodium) is seen as the drug of first choice
in patients with FI associated with loose stool, urgency or
passive loss of soft/liquid stool." It has several potentially
helpful modes of action, including reducing colonic motility
and increasing colonic water reabsorption, thereby firming
stool consistency, dampening the gastrocolic response, and
raising anal sphincter pressures.t':" Loperamide is well
tolerated by the majority of patients and is safe in doses up
to 16 mg daily, although many patients obtain benefit from
2-4 mg daily or p.r.n. Onset of action is within 30-60
minutes, so it is useful on a p.r.n. basis and most patients
do not seem to need to escalate the dose over time. Patients
with postprandial urgency should take loperamide 30
minutes before eating. Those with early morning urgency
can take a dose at night. Those who fear going out should
take it before activities. Constipation seems to be the only
common side-effect, which is intentional. If the capsule/
tablet formulation of loperamide constipates too much, a
liquid version can be used and very small doses titrated to
individual needs (as low as 0.5-1 mg).

Codeine phosphate is an alternative if loperamide is not
tolerated, but is associated with more side effects, the most
troublesome of which is drowsiness, and development of
tolerance and even dependence. Loperamide and codeine
can be combined in severe diarrhea, although obviously
unexplained diarrhea needs prior investigation.

A few patients with FI that cannot be controlled in any
other way will deliberately choose to take enough medica
tion to stop all spontaneous bowel evacuation and then use
suppositories or an enema to empty the bowel at their own
convenience and a predictable time. The only study of this
was in a nursing home setting," where success was good if
compliance was achieved.

Other constipating drugs can have an incidental beneficial
effect on FI and as urinary and fecal incontinence
so often coexist, this can be harnessed; for instance, drugs
with anticholinergic effects may improve both conditions.
Conversely, many drugs have an unintentional effect of
loosening stool and modifying a drug regimen can improve
FI symptoms (e.g. oral diabetic medication, nonsteroidal
antiinflammatories or antibiotics).

Patients with FI associated with incomplete evacuation
may use a suppository or mini-enema to achieve more
complete evacuation. Some of the bulking agents used for
constipation may improve stool consistency and FI.

A more recent approach is to attempt to modify anal
sphincter activity pharmacologically. Phenylephrine raises 183
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internal anal sphincter pressure in healthy volunteers and
is clinically useful in patients with anal leakage secondary
to formation of an ileoanal pouch, especially at night36

•
37

However, its value in patients with impaired sphincter
function may be less" and it has not yet reached the market
Other approaches are in development and it is not known if
drugs developed for the treatment of stress urinary
incontinence might be helpful.

ANAL PLUG AND OTHER PRODUCTS
Many people with FI wear the absorbent pads designed for
urinary or menstrual loss. Unfortunately, these are often
ineffective in containing stool and do nothing to protect the
skin or disguise odor. There are few satisfactory solutions to
this. A few patients can tolerate a specially designed anal
plug, which retains stool in the rectum, although most find
it uncomfortable, or even that it stimulates defecation.39

•
40

Many of the skincare products used for ostomy care are
helpful as stool leakage can cause rapid skin excoriation,
especially if the patient has undergone colectomy and the
stool is corrosive ileal content.

IRRIGATION
Rectal irrigation is gaining acceptance as a management for
FI.41

•
42 Companies are now developing specific equipment

designed for the purpose, although some patients use equip
ment designed for stoma irrigation or a bladder catheter.
The patient is taught to introduce a rectal catheter into
the anus, usually while seated on the toilet. Several hundred
milliliters of water are introduced into the rectum, the
catheter is then removed and the bowel evacuated as com
pletely as possible. This is not effective for all patients and
some do not find the procedure, or the time needed (30-60
minutes), acceptable. A surgically constructed irrigation
port may be an alternative (see Chapter 17).

COMPLEX PACKAGES OF INTERVENTION
In clinical practice, many of the interventions described
above are used in combination, making it very hard to tell
which are the effective elements. It would not be unusual to
use medication, exercises, diet, and suppositories all in the
same patient. Much more research is needed to define which
approaches are best targeted to which patients.

PREVENTION
Little work has been conducted to date on prevention of FI.
Many groups are at high risk of FI and active case finding is
important given the reluctance of many patients to discuss
their symptoms (Box 16.3).

Box 16.3 Targets for secondary prevention through
early recognltlonz

Patientch.racteristlcs

Dementia/cognitive impairment

Physical Iimitationslimpaired mobility

Di.......nd disorders

Urinary incontinence

Pelvic organ prolapse

Hemorrhoids, grade 3 and 4

Irritable bowel syndrome

Diarrhea

Constipation

Diabetes mellitus

CNS injury: stroke, head injury, Alzheimer's

Spinal cord injury: traumatic cord injury, spina bifida

Multiple sclerosis

Congenital anorectal anomalies: imperforate anus

Surgical intervention.

Vaginal delivery with sphincter laceration

Instrumented vaginal delivery

Colectomy, with or without ileal reservoir

Internal anal sphincterotomy for anal fissure, hemorrhoids,
Hirschprung's disease

Prostatectomy, especially by perineal approach

Drug••nd diet

Drugs that cause diarrhea as a side effect

Foods that cause diarrhea: dairy products in lactase-deficient
individuals, some fruits

Food additives that cause diarrhea or gas: artificial
sweeteners

R.dlologlc trelltment of pelviccancer

The first vaginal delivery carries the greatest risk of new
onset FI43 and each subsequent delivery adds to that risk.44

.
47

There is a debate about elective cesarean section, especially
in high-risk groups such as those with preexisting bowel
disorders, but this obviously has major ramificationsif recom
mended as a preventive measure for FI. Forceps delivery is a
risk factor for FI, with the evidence on vacuum extraction
being more equivocal/ It seems likely that avoiding epi
siotomy, especially midline episiotomy, except for specific
indications related to fetal distress, might reduce AI via
reduction of anal sphincter rrauma/i"

There is very limited evidence on the value of any inter
vention designed to reduce the incidence of FI after child
birth, either after normal delivery or that complicated by



forceps or a third-degree tear. One study" designed to
address postnatal urinary incontinence has found less FI at
1 year in women who perform pelvic floor exercises versus
controls (4% vs 10%), but no study to date has directly
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Surgical Treatment of Anal
Incontinence

CHAPTER

17
Noelani M Guaderrama and Charles W Nager

INTRODUCTION
Surgical treatment of anal incontinence should be con
sidered after conservative measures have been exhausted.
The efficacy of surgical treatment of anal incontinence is
difficult to conclude from the medical literature. Most of
the studies are retrospective case series with small numbers
of patients and limited follow-up. Outcome measures are
not consistent and difficult to compare. Although there
are recently developed validated instruments for scoring of
symptom severity and measuring quality of life, these have
not been universally accepted and ernployed.V

ANAL SPHINCTEROPLASTV
An overlapping anal sphincter repair is the treatment of
choice for patients with anal incontinence and evidence of

an anal sphincter defect. This remains the general consensus
despite the lack of randomized controlled trials comparing
this to other surgical treatments.

The technique involves a semilunar or transverse incision
anterior to the anus, approximately 1-2 ern beyond the anal
verge (Fig. 17.1). Sharp dissection is performed laterally to
the ischiorectal fat, posteriorly toward the anal verge, and
cephalad to the rectovaginal septum to identify the two ends
of the external anal sphincter muscle with intervening scar
tissue. Care is taken to avoid the nerve and blood supply
from branches of the pudendal nerve and artery that reach
the muscle from the posterolateral directions. Most of the
case series that include a description of the technique
describe dividing the scar in the midline, leaving a portion of
scar tissue attached to each end of the sphincter muscle.":"
The two ends of the external anal sphincter must be

Figure 17.1 Overlapping anal sphincteroplasty. (A) A semilunar incision is made anterior to the anus. (B)The external anal sphincter
with defect and intervening scar is exposed. (ClThe scar is divided to allow for overlapping repair. (D)Two U-shaped sutures are placed
in the overlapped ends of the sphincter. (E)The incision is closed in a V-V fashion with interrupted sutures.
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sufficiently mobilized to allow overlap in the midline. If the
internal anal sphincter can be identified with a defect, this
defect can be repaired at the same time.

Although no randomized controlled srudies have been
performed comparing overlapping with direct apposition
(end-to-end) techniques in secondary repair, most of the
case series on anal sphincteroplasty since 1984 describe an
overlapping technique. Most authors describe sururing the
overlapped muscle ends with mattress surures. A variety of
surure materials have been described by various authors
including polyglactin,3-5,7,11 prolene.v" and polydioxanone
surgical (PDS).13 The skin edges are typically closed in a
v,Y fashion. A drain may be used.

Table 17.1 shows the results of several series of over
lapping anal sphincteroplasty procedures with a minimum
of 30 patients.3,4,7,8,11,12,14-25 These series involved median or

mean follow-up periods from 3 to 58.5 months. Although the
authors used various definitions of success, overall it is
reasonable to conclude that about two-thirds of patients
obtain reasonable resolution of symptoms after the
procedure. When the data are specifically examined for the
percentage of patients achieving "continence to solid and
liquid stool," the results range from 30% to 83%. These
srudies illustrate the common disparity between resolution
of incontinence symptoms and the sense of improvement
noted by patients. In every srudy that reported subjective
improvement, the percentage of patients who felt they were
improved after anal sphincteroplasty (ranging from 69% to
85%) was higher than the percentage of patients with
resolution of incontinence symptoms.

More recently, a few series have been published with
long-term follow-up after overlapping anal sphinctero
plasty.lo,26,27 The results from these long-term srudies are
summarized in Table 17.2. In 2000, Malouf et al26published
a follow-up srudy on the group's original series." They were
able to report on 46 patients with a median follow-up of 77
months (range 60-96 months). They found that seven (15%)
of the patients required further surgery for incontinence and
one (2%) of the patients never had her original colostomy
closed, making the outright failure rate 17%. They defined
failure as the need for further continence surgery, non
closure of the colostomy or urge incontinence of at least
once per 2 weeks and reported a failure rate of 50%. Four
(9%) of the patients were continent to solid and liquid stool.

Halverson and Hull lO reported on results from 49 patients
with a median follow-up of 62.5 months (range 47-141
months). Eighteen patients (37%) were continent to solid
and liquid stool and only 13% were completely continent.
Bravo Gutierrez et al27 reported follow-up data on a previ
ous srudy from the same group," They mailed the Fecal
Incontinence Ouality of Life Scale (FIQLS) to the 191
original patients and received responses from 130. Median

follow-up was 10 years (range 7-16 years). They found that
6% were completely continent and 23% were continent to
solid and liquid stool. Even with these low success rates in
these long-term srudies, 62-71 % of patients still reported
improvement from the procedure.

Many researchers have tried to identify factors that pre
dict successful outcome after anal sphincteroplasty. The data
would suggest that age, duration of symptoms, and anal
manometry measurements are not predictive of success. An
area of controversy is the relationship between pudendal
nerve function and outcome of anal sphincteroplasty (Table
17.3). Pudendal neuropathy has correlated with poor
outcome in a number of srudies5,15,19,28-30 but not in
others.8,1l,16,17,24,31 Two of the srudies that found no effect of
pudendal neuropathy on outcome had inadequate power to
detect a significant difference at the levels of success
percentages seen in the studies.":" Oliveira et aP8 failed to
show a significant difference in outcomes between the two
groups even though patients with normal pudendal nerve
terminal motor latencies (PNTML) had a success rate of
73% and those with abnormal PNTML had a success rate of
38%. They argued that there may be a type II error due to a
small sample size (n=55).

Table 17.3 summarizes the results of these srudies and the
outcome differences for patients with and without abnormal
PNTML. All these srudies report short-term results.
Overall, patients with normal PNTML had a success rate of
69% and those with abnormal PNTML had a success rate of
49%. Therefore, the abundance of data would suggest that
abnormal PNTML is a risk factor (RR=1.65; with 95% CI
from 1.31 to 2.07) for a lower success rate. We conclude that
abnormal preoperative PNTML srudies confer a poorer
prognosis, but not a contraindication, for surgery. Although
the results of PNTML srudies may alter prognosis, they
usually do not alter plans for surgical management in a
patient with a known anatomic defect. Therefore the utility
of this diagnostic investigation as a preoperative test remains
controversial.

When anal sphincteroplasty fails, the optimal choice for
subsequent treatment is not clear. Biofeedback has been
srudied as an adjunct to surgery and was reported to improve
continence after sphincteroplasry.V Surgical options for
treatment of persistent or recurrent incontinence include
muscle transposition procedures, artificial bowel sphincter
placement, and sacral neuromodulation.

POSTANAL REPAIR
Initially described by Parks in 1975,33 the postanal repair
can be performed to treat anal incontinence in patients with
an intact external anal sphincter, including those with
idiopathic or neurogenic incontinence.



POSTANAL REPAIR I

Table 17.1 Short·.........tts of overIepping Inl' sphlncteroplesty fnHn teV8f'II ...... with I minimum of 30 .....jects

Subjective
Number of Success Definition of Improvement or Preoperative

Author, year subjects Follow-up rete success satisfaction predictors of success

Fang, 1984 76 Mean 35 mo. 58% Continent of solid,
(62 women) (range 2-62 mo.) liquid, and gas

Hawley, 1985 128 Not stated 52% Continent of solid,
(80 women) liquid, and gas

Ctercteko, 1988 44 Range 0.5-10 years 54% Continent of solid 82% satisfied Age
and liquid Duration of

symptoms

Jacobs, 1990 30 Range 7-60 months 83% Continent of solid 1) Not manometry
and liquid 2) Postop EMG:

-in failures: all
showed
denervation
-in successes:
none showed
denervation

Gibbs, 1993 33 Mean 43 mo. 30% Continent of solid 85% improved
(range 4 mo. to and liquid
9.5 yrs

Londono- 94 Median 58.5 mo. 60% Continent of solid Not PNTML
Schimmer, 1994 (range 12-98 mo.) and liquid

« 01'= 1/week)

Engel,1994 55 Median 15 mo. 76% Continent of solid 76% improved Not PNTML
(range &-36 mo.) and liquid Not age

Not manometry

Sitzler, 1996 31 Range 1 mo. to 74% Continent of solid Not PNTML
(27 women) 3 years and liquid Not manometry

Nikiteas, 1996 42 Median 38 mo. 60% Continent of solid Not PNTML
(32 women) (range 12-66 mo.) and liquid Not manometry

Not age

Oliveira, 1996 55 Mean 29 mo. 71% Pt graded as Not PNTML
(range 3-61 mo.) excellent or good Not age

Young,1998 56 Mean 27 mo. 86% Pt reported Not PNTML
(54 women) (range 1-77 mo.) improved or Not age

complete continence

Gilliland, 1998 77 Median 24 mo. 55% Pt graded as 69% improved Not manometry
(range 2-96 mo.) excellent or good Not age

PNTML

Rasmussen, 1999 38 3 mo. 68% Continent of solid Age
and liquid Not PNTML

Karoui, 2000 74 Median 35 mo. 51% Continent of solid 76% improved
(68 women) (range 9-98 mo.) and liquid

Morren, 2000 55 Median 40 mo. 56% Pt graded as Not PNTML
(range 5-137 mo.) excellent or good

Ha,2001 49 6 mo. 63% Continent of solid 71% improved NotPNTML
(46 women) and liquid Not manometry

Buie,2001 158 Mean 43 mo. 62% Continent of solid 82% improved Preop incont type
(range 6-120 mo.) and liquid 83% satisfied Not PNTML

Not age
Not manometry

Pinta, 2003 39 Median 22 mo. 59% Continent of solid Age
(range 2-99 mo.) and liquid
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Table 17.2 Long-tMn .....Itsof overlapping anallphlncteroplasty

Subjective
Number of Success Definition of Improvement or Preoperative

Author, year subjects Follow-up rate success Ntlsf8etion predictors of success

Malouf, 2000 46 Median 77 mo 50% No further surgery 71% said they Parksscore at 15 mo.
(follow-up study (range 60-96 mol & incontinence with were improved The pt's rating of %
of Engel, 1994) a frequency of improvement at

<1Imo. 15mo.
9% Continent of solid Not PNTML

and liquid Not manometry

Halverson, 2002 49 Median 62.5 mo 37% Continent of solid 36% with Not age
(range 47-141 mol and liquid highest score Not manometry

ofQOL
13% complete
continence

Bravo Gutierrez, 130 Median 120 mo 39% No further surgery 62% improved Age
2004 (range 7-16 yr) & cont to solid 74% satisfied Poor early outcome
(follow-up study 6% complete predicts poor late
of Buie, 2001) 23% Continent to solid continence outcome

and liquid Not PNTML
Not manometry
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The technique starts with a curvilinear incision about
5 cm posterior to the anal verge. Dissection into the inter
sphincteric plane divides the internal and external sphinc
ters. This is continued in a cephalad direction until the
puborectalis is reached. The anorectum is bluntly dissected
anteriorly, Waldeyer's fascia is divided, and the pararectal fat
is reached. Thus, the levator ani is exposed and plicating
sutures are placed, bringing the two sides together, recre
ating the anorectal angle and restoring the flap-valve
mechanism. Parks reported an 83% success rate and pos
tulated that the mechanism of continence relied upon an
acute anorectal angle creating a flap valve. He reported that
postoperative anorectal angles were more acute than
preoperative angles. Subsequent studies failed to confirm
these findings.

Henry and Simson'" performed postanal repairs on 242
patients. They reported on 204 patients who were followed
for an average of 46 weeks, with 58% being continent to
solid and liquid stool. Other studies also reported similar
short-term success rates of about 50%. Studies that exam
ined anorectal angles failed to show a difference in angles
between incontinent patients and asymptomatic controls.
Furthermore, studies failed to show a change in the anorec
tal angle after the postanal repair.35

-
38 Finally, long-term

studies revealed that the success rates of the postanal repair
decreased to 20-30%.39-41

MUSCLE TRANSPOSITION PROCEDURES
The two main categories of muscle transposition procedures
are graciloplasties and gluteus maximum transpositions.
There are different modifications of each of these. These

procedures are generally reserved for patients who have
failed an overlapping anal sphincteroplasty. They involve a
range of surgical complexity and are associated with high
morbidity.

Passive graciloplasty. In 1952, Pickrell first described
a unilateral passive graciloplasty for the treatment of anal
incontinence in four children with spina bifida." He
described using three incisions along the length of the
middle thigh. The gracilis muscle is cut at its tendinous
insertion into the tibia and is bluntly dissected and tunneled
through the incisions to the perineal area. Care is taken to
keep the blood and nerve supply to the gracilis intact. Then
two incisions are made anteriorly and posteriorly around the
anus. Four pulleys are created in the levator ani muscles
laterally and in the raphae anteriorly and posteriorly. The
gracilis muscle is brought through the four pulleys and the
distal end is anchored to the contralateral ischial tuberosity.
The end result is a muscle sling that passively increases the
bulk around the anal canal. Pickrell reported that 100% of
his patients achieved complete continence but these results
have not been duplicated.

Two retrospective series reported on a combined 36
patients with a follow-up of about 5 years.43,44 Corman et al
reported that 50% of the patients were continent to solid
and liquid stool while Faucheron et al reported 36% with
the same outcome.

A variation of this procedure is the bilateral passive
graciloplasty. Kumar et al45 performed this procedure in 10
patients and reported results after an average follow-up of
24 months (range 6-40 months). They describe cutting both
gracilis muscles at the insertion into the tibia, wrapping both
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Table 17.3 The effect of preoperative pudendal neuropathy on surgical outcome of overtapplng anal sphincteroplasty

Success rate
Author, year No. of Follow-up Success rate with with abnonnal

subjects nonnalPNTML PNTML Pvelue Comments

StudMs that sug".., PlfIOIMrativepudendal neuropathy teSults in poor surgiclll outcome

Laurberg, 1988 19 Range 9 mo. 80% 11% P<O.05 Defined abnormal as
to 3 years (8110) (119) prolonged PNTML &lor

"excellent or good increased fiber density
results" or higher onEMG
grade than preop Success: improvement

Wexner, 1991 16 Mean 10 mo. 86% 0% Not Only had 2 subjects
(range 3-16 mo.) (12114) (0/2) calculated with prolonged PNTML;

"excellent or good both had daily to
result" weekly incant. of solid

stool

Simmang, 1994 10 12 mo. 100% 33% Not Suggests that at least
(7n) (1/3) calculated one side must be intact
"cant. to solid and includes uni for good outcome
liquid" & bilat

Londono-Schimmer, 94 Median 58.5 mo. 55% 30% P<0.01
1994 (range 12-98 mo.) (41n4) (6120)

"excellent or good
results"

Sangwan, 1996 15 Mean 16 mo. 100% 14% Not Suggests adverse
(range 4-32 mo.) (818) (1/6) calculated effect of uni and bilat

"excellent or good damage
results" & higher
grade than preop

Gilliland, 1998 71 Median 24 mo. 63% 17% P<0.01
(range 2-96 mo.) (37159) (2112)

"excellent or good includes uni &
results" bilat

Stud_ that sug".., preoperative pudendal neuropathy does not rasult in poor surgiclll outcome

Engel,1994 55 Median 15 mo. - - NS Compared mean
(range 6-36 mo.) PNTMLs between

success and failure
outcome groups

Felt-Bersma, 1996 18 Mean 14 mo. - - NS
(range 3-39 mo.) Numbers not included

Sitzler,1996 29 Range 1 mo. to 73% 70% NS
3 years (14119) (7/10)

Nikiteas, 1996 26 Median 38 mo. 67% 53% NS Only looked at bilateral
(range 12-66 mo.) (619) (9/17) neuropathy

Oliveira, 1996 55 Mean 29 mo. 73% 38% NS Possible type II error
(range 3-61 mo.) (29/40)

"excellent or good
results"

Young, 1998 56 Mean 27 mo. 90% 78% NS Inadequate power to
(range 1-77 mo.) (35/39) (14118) detect a sig diff

Buie, 2001 158 Mean 43 mo. 61% 72% NS Largest study shows
(range 6-120 mo.) (35/57) 72% (23132) trend in opposite

direction (abnormal
PNTML with higher
success rates)

Total 622 69% 49% RR=1.65 (95% CI:
(2321336) (67/137) 1.31-2.07)

"Abnormal PNTML
increases risk of failure

(from studies with these numbers available) 1.65times"
171
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muscles around the anus, and suturing them to each other.
They reported that 9/10 were continent to solid and
semisolid stool.

Bilateral gluteus maximus transpositions. In
1982, Hentz first described the transposition of the gluteus
maximus muscles to the anal canal." Two incisions are made
on the buttocks in a parallel direction with the caudal part of
the muscles. The lower 5 ern of the muscle is dissected from
the sacrum, along with its attached fascia and periosteum
and with its neurovascular bundle intact. Two incisions
are made in a curvilinear shape at the lateral parts of the
anus. The muscle flaps are tunneled to the anal incisions,
bifurcated, and then wrapped around the anus.

Other surgeons have made modifications to this proce
dure with regard to the method of wrapping the anus with
the ends of the muscle flap. Christiansen et al reported on
seven patients undergoing the bilateral gluteus maximum
transposition." After a follow-up period ranging from 14 to
27 months, they reported that three of the seven had some
improvement although they were still incontinent to liquid.
Devesa et al performed a similar procedure on 20 patients
and reported that 62% of the patients graded their results as
excellent or good after a follow-up of 3 months to 9 years."
The wound infection rate was 35%. Two of the patients had
to undergo reoperations due to anal stenosis. Pearl et al
reported on seven patients who underwent bilateral gluteus
maximus transposition." Two of the patients (29%) were
continent to solid and liquid stool. They reported a wound
infection rate of 43%.

Because of high complication rates and limited success
rates, this procedure is not commonly performed.

Dynamic graciloplasty. In all the passive muscle
transpositions, the patient is unable to voluntarily control
contraction of the transposed muscle. The muscle slings are
made up of skeletal muscle and therefore are not tonically
contracted. Because of these flaws, research has aimed at
creating a tonically contracted muscle sling. The concept
of continuous electrical stimulation was applied to these
surgical techniques. Electrical stimulation causes the con
version of type II fast-twitch, fatigue-prone muscle fibers
to type I slow-twitch, fatigue-resistant muscle fibers. The
continuous electrical stimulation can be controlled by an
external device and deactivated for defecation to occur. Two
different techniques were independently developed for
muscle stimulation. Baeten et al described an intramuscular
stimulation and Williams et al developed direct stimulation
on the obturator nerve.50,51

The first part of the surgical procedure is identical to the
passive unilateral graciloplasty (Fig. 17.2). Initial studies
used a staged technique, where the gracilis muscle flap was
created and anchored first, and then several weeks later, the
electrical leads and pacemaker were implanted. This staged
technique is no longer performed and the entire procedure
is done at once. The distal end electrical lead is placed
within the gracilis muscle and the proximal end is tunneled
to a subcutaneous pocket in the lower abdominal wall. The
lead wire is connected to a pulse generator. Stimulation is
initiated about 3 days after implantation. An external mag
netic device is used by the patient to turn off the pulse
generator in order to defecate.

Table 17.4 summarizes some of the larger case series
studying the efficacy and complication rates for dynamic
graciloplasry.V:" Overall, the procedure is efficacious in

172

Figure 17.2 Dynamic graciloplasty. (A)Three incisions are made along the medial aspect of the thigh to expose the gracilis muscle. The
muscle is cut from its tendinous insertion on the tibia. (B)The gracilis muscle is wrapped around the anal canal and sutured to the
contralateral ischial tuberosity. Two electrodes are placed on the gracilis muscle with the wires tunneled through the subcutaneous tissue
to the lower abdomen. An external magnet is shown which allows for control of the electrical stimulation.



Table 17.4 EtIIcacyend compllcetlons of dynemlc grecllopluty from ..verelle............

No.of Success
Author, veer subjects Follow-up rete Definition of success Morbidity

Baeten, 1995 52 Median 2.1 yrs 73% Continent to solid and 13% infection rate
(range 3 mo. to 7.4 yrs) liquid

Mavrantonis, 1999 37 Mean 21 mo. 46% Continent to solid and 23 device-related
liquid complicetions

Madoff, 1999 128 Median 24 mo. 66% ~70% reduction in 138 complications;
incontinent episodes 32% major,
for solid stool 29% minor

Matzel, 2001 & Baeten, 121 Mean 23 mo. 60% ~% reduction in 211 complications in
2000 (range 1-52 mo.) incontinent episodes 93 patients;
(same study) 89 severe events

Rongren, 2003 191 Median 261 weeks 72% Continent to solid 138 complications
and liquid

about 60% of patients (range 46-73%) in relieving incon
tinence to solid and liquid stool. However, the complication
rate is extremely high, with morbidity events ranging from
0.14 to 2.08 per patient (average 1.12 events per patient)."

Artificial anal sphincter. The artificial anal sphincter is
similar to the muscle transposition procedures in indica
tions, cost, and morbidity. It involves the placement of a
silastic inflatable cuff around the anus through a perineal
incision or two incisions at the lateral aspects of the anus.

The original device described by Christiansen et al was a
modification of the AMS 800 (American Medical Systems,
Minneapolis, MN) which is an artificial urinary sphincrer."
The device in current use is the Acticon Neosphincter also
made by AMS. Both devices are similar in design and they
are made up of three parts: a cuff, a pressure-regulating
balloon, and a patient-activated pump. The cuff is made in
variable widths and lengths and is placed as high as possible
around the anal canal, preferably at the level of the anorectal
junction. Some authors recommend its placement above the
anococcygeal raphae posteriorly and above the transverse
perinei muscle anteriorly. The cuff is connected to the
pressure-regulating balloon that is placed in the retropubic
space. This balloon acts as a reservoir when the cuff is
deflated. The patient-activated pump is placed in the labium
majus or scrotum and is used by the patient to deflate the
cuff in order to defecate.

Since Christiansen's first retrospective case series in 1992,
there have been several small series of artificial anal
sphincter in the literature.60

-
67 All these studies contain

fewer than 30 patients. They report rates of continence to
solid and liquid stool from 24% to 78%. The explantation
rate (due to complications such as infection) ranged from
14% to 50%. In 2002, Wong et al reported I-year follow-up
results from a multicenter study including 13 sites and 112

MUSCLE TRANSPOSITION PROCEDURES I

patients." They found a significant reduction in continence
scores and an overall success rate of 53% (success was
defined as a drop of at least 24 points in the continence
scoring system). In the patients that retained the device,
the success rate was 85%. The morbidity rates were high,
including 384 device-related adverse events, 51 (46%) revi
sions,41 (37%) explant procedures, and 38 (34%) infections.

Diversion. Diversion of the gastrointestinal tract is an
option for patients with intractable fecal incontinence. This
procedure can be done temporarily, such as at the same time
as another distal procedure, or as a permanent solution.

Sacral neuromodulation. The technique of sacral
neuromodulation is used to treat a variety of urinary con
ditions including urinary retention, urinary urge inconti
nence, and urgency jfrequency. Although it is not currently
FDA approved for this indication, it has also been studied for
the treatment of intractable anal incontinence. The
mechanism is poorly defined but involves remodulation of
the sacral reflexes that effect bladder, anal canal, and pelvic
floor functions. It may be indicated for the same patients in
whom muscle transfer procedures or artificial anal sphincter
would be considered: failed anal sphincteroplasty, inconti
nence with an intact anal sphincter, idiopathic and neuro
genic anal incontinence. It has several advantages over the
other techniques. The procedure allows for a temporary
trial to test effectiveness and since it is performed distant
from the anal canal, it carries reduced morbidity and
infection rates.

There are two techniques available for placement. The
test stimulation can be done either percutaneously with a
temporary lead or as staged implant with the permanent
quadripolar lead. Insulated spinal needles are placed
through one of the sacral foramina (preferably S3 but some- 173
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Table 17.5 Results of sac...1neuromodulatlon in the treatment of anal incontinence

No. of Med18n episodes of..1
Author, year subjects Follow-up Success rate Incontinence Comments

Pre-tteatmtHtt Post-tteatment

Matzel, 1995 3 6mo 66% completely 8 0 Increase in resting and
continent per 7d squeeze pressures
100% improved Increase in squeeze
continence pressure

Vaizey, 1999 9 Only percutaneous Change in urge volume
testing Change in rectal

compliance

Malouf, 2000 5 Median 6 mo. 100% had 11 0 No long-term change
(range 3-26 mo.) improvement or per7d in resting, squeeze

a significant pressures, or sensory
decrease in threshold
continence scores Improvement In SF-36

QOL

Rosen, 2001 20 Median 15 mo. 16 pts had 6 2 Improvement in QOL
(range 3-26 mo.) permanent per 21d

placement
(4 failures, all
with neurologic
etiology)

Matzel, 2001 6 Range 5-66 mo. Cleveland Clinic 17 2.5 Increase in squeeze
continence score score score pressure
(mean) No change in resting

pressure

Ganio,2001 5 Median 19 mo. 100% completely 5.5 0 Increase in resting
(range 5-37 mo.) continent per 7d pressure

Improvement seen in
pts with urge
incontinence only
No benefit in pts with
complete neurologic
etiology

Leroi,2001 6 Range 3-6 mo. 3.5 0.5 No change in resting
per7d or squeeze pressures

Ganio,2001 16 Mean 15.5 mo. 11 0 Increase in resting
(range 3-45 mo.) per 14d pressure174

times 52 or 54) so that the lead lies adjacent to one of these
sacral nerves. Once an appropriate test response is achieved,
the lead is placed through the spinal needle and then con
nected to a temporary pulse generator. The test stimulation
is performed for about 7-14 days and the patient keeps a
bowel diary to assess response. Most authors define a posi
tive response as at least 50% improvement in symptoms and
then proceed to the permanent stimulation procedure. This
involves the implantation of a permanent pulse generator
and final placement of the quadripolar lead if necessary.

The first sacral neuromodulation device for the treatment
of bowel dysfunction was implanted in 1995 by Matzel
et al.69 They reported on three patients who all experienced
improved functional continence at 6 months. The possibility
of a placebo effect was tested by Vaizey et al.70 They studied

two patients who had been implanted with the device 9
months previously. The study involved a double-blinded
crossover design and recorded incontinence episodes with
a diary card. The stimulation parameters were set below
the sensory threshold. They showed a dramatic change in
episodes of incontinence when the stimulator was turned on
as compared to when it was turned off. This study also
showed that the beneficial effect of sacral neuromodulation
is dependent on continued stimulation as the symptoms
recurred when the stimulation was discontinued.

Table 17.5 summarizes the clinical results from various
series of sacral neuromodulation/Y"?" Most of these series
include a small number of patients for a limited amount of
follow-up (all with median less than 2 years). All report a
decrease in incontinent episodes or improvement in conti-
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No. of Median episodes of fecal
Author, year subjects Follow-up Success rate incontinence Comments

Pl'e-tI8atment Post·tI8.tment

Kenefick, 2002 15 Median 24 mo. 73% completely 11 0 Improvement in all
(range 3-60 mo.) continent per7d subseales of Sf.36

except health
transition
Increase in squeeze
pressure after test and
permanent
Increase in resting
pressure after test stim
(not sig. after
permanent)
Improvement in rectal
sensation

Matzel, 2004 34 Median 23.9 mo. 37% completely 16.4 2 ACSRSQOL showed
continent per 7d improvement in all

mean scales

nence score with the procedure. Many of them report a
significant increase in quality-of-life measures. 72

,73,78,79

Initially, these procedures were performed only in patients
with intact external anal sphincters but most recent articles
include patients with defects, as well as patients with neuro
genic and idiopathic incontinence. Overall, these studies
indicate an acceptable success rate while incurring very
little morbidity. Although many of the studies examined the
effect of sacral neuromodulation on parameters of anal
manometry, the results are inconsistent.

Summary. After conservative treatment has been
exhausted in the treatment of anal incontinence, surgical
treatment options should be considered. If the patient has an
identifiable defect in the sphincter muscle then an over
lapping anal sphincteroplasty is the technique of choice,
despite the lack of strict study protocols and long-term
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PELVIC FLOOR ANATOMY, FUNCTION, AND
DYSFUNCTION
Anatomy. The pelvic floor muscles (PFM) consist of the
pelvic and the urogenital diaphragm. They are located
inside the pelvis and form the floor of the abdominal cavity
(Fig. 18.1). The PFM consists of a muscular plate expanding
from the pubic symphysis, along the front side walls of the
ileum towards the coccyx (Fig. 18.2). The muscles are
innervated from S2-4 and have a thickness of approximately
1 cmY

Function and dysfunction. The PFM contract
constantly, except directly before and during voiding.' In
addition to this constant firing, there is increasing and
decreasing activity according to the level of abdominal
pressure. However, the PFM can also be contracted inten
tionally. If any of the several muscles of the pelvic floor
could contract in isolation, they would all act differently due
to their individual fiber direction. However, the only known
voluntary function of the PFM is a mass contraction
described as an inward lift and squeeze around the urethra,
vagina, and anus.l" Because of their location inside the
pelvis, the PFM are the only muscle group in the body
capable of giving structural support for the pelvic organs
and the pelvic openings (urethra, vagina, and anus).

During a voluntary contraction, the PFM lift inwardly.
The urethra closes and the PFM resist downward move
ment, thereby stabilizing the urethra.7

,9,10 However, studies
from different countries have shown that>30% of women
are not able to contract the PFM even after thorough
individual instruction at their first consultarion.P''" The
most common error is to contract hip adductor, abdominal,
and gluteal muscles instead of the PFM. In addition,
straining is a common error. ll

,12 Bump et al!' showed that
25% of women were straining instead of performing the
correct lift and squeeze. They also found that only 49% were
able to perform a PFM contraction that effectively increased
urethral pressure. Contractions of other muscle groups such
as the gluteals, hip adductors, and abdominals cause co-

Figure 18.1 The pelvic floor muscles are located inside the pelvis
and form a structural support for internal organs (reproduced with
permission from Hahn I, Myrhage R. Bekkenbotten. Bygnad,
funktion och traning. AnaKomp AB, 1999).
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contractions of the PFM in healthy volunteers.l'"!" However,
none of these other muscles can act as a structural support
to the pelvic organs, prevent descent of the bladder and
urethra during increases in abdominal pressure, or increase
urethral closure pressure by their own isolated contractions.

Pelvic floor dysfunction can cause urinary and fecal
incontinence, pelvic organ prolapse (POP) with prolapse of
the anterior vaginal wall (cystocele), posterior vaginal wall
(rectocele), vaginal apex (enterocele), and uterus, or pain
and sexual dysfuncrion.l'f"

PELVIC ORGAN PROLAPSE ANDTHE
PELVIC FLOOR
The pathophysiology and etiologic factors causing prolapse
are not yet totally undersrood.i':" Hence, rationales for
appropriate methods to prevent and treat the condition are
not easy to recommend. Causes and contributing factors
have been classified as:

• congenital: bladder exstrophy, collagen defects (e.g.
"benign hypermobility joint syndrome," type IV
Ehlers-Danlos or Marfan's syndrome), race (white
women at higher risk), and anatomy

• childbirth (trauma with rupture of ligaments, fascia and
muscle fibers, denervation)

• raised abdominal pressure (chronic obstructive airway
disease, straining, constipation, heavy lifting, obesity,
hard physical activity)

Figure 18.2 The pelvic floor muscles.
(Reproduced with permission from BlII K.
Pelvic floor muscle exercise for the treatment
of female stress urinary incontinence.
Methodological studies and clinical results.
Doctoral thesis, Norwegian University of
Sport and Physical Education, Oslo, Norway,
1990)

• menopause (estrogen deficiency)
• iatrogenic (pelvic surgery, e.g. hysterectomy, colposus

pension, sacrospinous fixation ).19,22,23

POP is difficult to classify and measure. The most com
monly used clinical classification is the Pelvic Organ
Prolapse-Quantified (POP-Q) system. This has been
tested and found to be reproducible and valid/" Ultra
sonography and MRI can be used in lying, sitting, and
standing (only ultrasonography) positions. However, more
research is needed to test reproducibility and sensitivity of
these imaging methods to measure location and size of the
prolapse.21,2S-30

Symptoms associated with POP include the following.

• Urinary symptoms (stress incontinence, frequency, urgency
and urge incontinence, hesitancy, poor and prolonged
urinary stream, feeling of incomplete emptying,
positional changes to start or complete emptying)

• Bowel symptoms (difficulty in defecation, incontinence of
flatus, liquid or solid stool, urgency of defecation,
digitations or splinting of vagina, perineum or anus to

complete defecation, feeling of incomplete evacuation)
• Sexual symptoms (inability to have or infrequent coitus,

dyspareunia, lack of satisfaction or orgasm, inconti
nence during sexual activity)

• Other local symptoms (feeling of pressure or heaviness in
the vagina, pain in the vagina or perineum, sensation of
awareness of protrusion from the vagina, low back pain,
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which is eased by lying down, abdominal pressure or
pain, blood-stained and purulent discharge.)"

Hence, POP may affect activities of daily living, stop women
from participating in regular physical activities, and reduce
quality of life."

The incidence and prevalence rates of POP are difficult
to establish. Many women do not seek medical advice or
treatment for the condirion.f It is estimated that approxi
mately 50% of all women lose some of the supportive
mechanisms of the pelvic floor due to childbirth, leading to
different degrees of POP. Brubaker et al21 state that there is
a variation in the literature on prevalence of POP reaching
the hymen from 2% to 48% and below the hymen between
2% and 4%. The variation in prevalence may be due to

differences in populations studied, age, race, parity, meas
urement methods, and classification systems. Samuelsson
et al32studied 487 women 20-59 years old attending routine
gynecology assessment (participation rate 76%) and found
that 30.8% presented with some degree of POP. Only
2% had prolapse at introitus and none outside introitus.
Symptoms were voiding and bowel difficulties (10%) and
perception of heaviness (9.7%). The results showed that
prevalence of POP was associated with age, parity, and PFM
weakness measured with vaginal palpation."

Only 10-20% of women with POP may seek help for
their problem." Ten percent of women may end up with
prolapse surgery." In the United Kingdom, 20% of the
waiting list for gynecologic surgery are women with POp'22

The incidence of posthysterectomy POP in need of surgery
is 3.6% per 1000 women a year. It has been estimated that
approximately 25% have relapse after prolapse surgery and
that 80% of relapses become apparent within 2 years."

The risk of prolapse development increases with age.
Hence, as women live longer, there will be an increase in
prevalence of POP in the elderly population.f Prolapse may
be asymptomatic until the descending organ is through the
introitus and therefore POP may not be recognized until an
advanced condition is present." In some women the
prolapse advances rapidly, while others remain stable for
many years. There are no published studies on the natural
history of POP but most clinicians would agree that POP
does not seem to regress."

CONSERVATIVE TREATMENT OF PELVIC
ORGAN PROLAPSE
Treatment options for POP include surgery, use of
mechanical support (pesssary), and pelvic floor muscle
training (PFMT).21.22 According to Brubaker et al," the
indications for treatment of POP are unclear. This chapter
only deals with conservative treatments such as the use of
mechanical support and PFMT.

Mechanical support. Mechanical support, such as
pessaries, is used to restore the prolapsed organs to normal
position and thereby alleviate symptoms. According to Poma,"
several techniques to restore genital prolapse have been used
since ancient times and Hippocrates recommended a
pessary consisting of half a pomegranate soaked in wine.
Traditionally, pessaries have been considered a choice for:

• patients unfit for surgery
• patients awaiting surgery
• patients who decline surgery."

However, Cundiff and Addisorr'" suggest that younger
gynecologists and especially urogynecologists now consider
pessaries as an alternative to surgery for POP.

A wide range of mechanical devices have been described
for the treatment of prolapse, and Poma states that there are
more than 120 types on the marker." According to Cundiff
and Addison," there are two broad categories of pessaries:
support pessaries and space-filling pessaries. Support pes
saries use a spring mechanism that rests in the posterior
fornix and against the posterior aspect of the pubic sym
physis while space-filling pessaries maintain their position
by creating suction between the pessary and vaginal walls, by
providing a diameter larger than the genital hiatus, or by
both mechanisms/" The most recent models are made of
rubber, clear plastic or soft plastic with some of them also
containing metal and silicone.l':" Fritzinger et al" listed the
following types of pessaries available in the US: Gelhorn
pessary, donut pessary, ring pessary with and without sup
port, cube pessary, Smith-Hodge type, Gehrung pessary,
Shaatz pessary, incontinence dish and ring, Suarez and Cook
continence rings, and the Introl pessary.

Several factors may affect a woman's success in using
a pessary, such as hormonal status, sexual activity, prior hys
terectomy, pelvic floor muscle strength, and stage and site of
the prolapse." However, currently, there seems to be little
knowledge about what is the most effective pessary for
different types and degrees of pelvic organ prolapse.

There are potential complications associated with pessary
use such as vaginal wall irritation, bleeding, ulceration and
pain, fistula formation and bowel hemiation.i':" Recom
mendations for minimizing complications are: choosing
a not too tight fitting pessary, emphasizing proper pessary
care including frequent and regular monitoring with checks
of vaginal mucosa erosions, regular cleansing, and use of
estrogen replacement therapy. The optimum frequency of
pessary removals has not yet been established. Neither has
the role of local estrogens in preventing complications."
However, Fritzinger et al36 recommended women to return
for evaluation of vaginal tissue damage 1-2 weeks after
initial insertion of the pessary, and Perna" suggested checks
every 3-6 months after initial evaluation.
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Studies have shown that 85% of gynecologists'" and 98%
of urogynecologists prescribe pessaries," In a Cochrane
review," no RCTs were identified on which to base manage
ment by mechanical devices in women with POP. Only one
retrospective study of 101 patients fitted with a pessary was
found." At an unspecified follow-up period, 49% were con
tinuing with the pessary, 4% had died, 26% had discon
tinued usage and had surgery, and 21% had discontinued
usage without surgery. In a new search for studies, one new
report was found. Clemons et al40 conducted a prospective
observational study in 100 consecutive women with symp
tomatic POP. They were examined and fitted with either a
ring or Gelhorn pessary. Successful pessary fitting was
defined as a woman continuing to use a pessary 1 week after
being fitted. Seventy-three were classified as successful and
27 as unsuccessful. A short vaginal length (=6 ern) and a
wide vaginal introitus (four fingerbreadths) were risk factors
for unsuccessful pessary fitting."

In preparation for this chapter, two uncontrolled studies
were found from a search on PubMed. Handa and jones"
followed 56 consecutive women, mean age 75 years (range
62-83 years) fitted with either ring or donut pessaries.
Nineteen (33.9%) continued use for at least 1 year. By com
paring baseline and follow-up examination with use of the
POP-Q, they found that four women had an improvement
in stage of the prolapse and no women had worsening. The
authors are well aware of the limitations of the study: it
was uncontrolled and unblinded, there may be variances in
measurement technique, only a few women attended the
follow-up visit, and there was no control of confounding
factors, e.g. concomitant PFMT or lifestyle changes. The
researchers suggest that there may be a therapeutic effect
associated with the use of pessary, and discuss an interesting
hypothesis for a possible mechanism. They refer to studies
showing an association between overstretching of the pelvic
floor and pudendal neuropathy, and that prolonged passive
stretch impairs skeletal muscle strength. Thus, the pessary
may support the pelvic organs which in turn may allow
recovery from passive stretch, resulting in improved levator
function." This hypothesis needs to be tested in a ran
domized controlled study with measurement of pelvic floor
muscle function.

Clemons et al'l2 found that of 73 women with successful
fitting, nearly all prolapse symptoms resolved from baseline
to 2 months: bulge from 90% to 3% (P<O.OOI), pressure
from 49% to 3% (P<O.OOI), discharge from 12% to 0%
(P<0.003), and splinting from 14% to 0% (P<O.OOI). Among
women with concurrent urinary symptoms at baseline, stress
incontinence improved in 45%, urge incontinence improved
in 46%, and voiding difficulty improved in 53% after 2
months. However, de novo stress incontinence occurred in
21%, de novo urge incontinence in 6%, and de novo voiding
difficulty in 4%. At 2 months, 92% were satisfied with their

pessary, while 8% were dissatisfied and discontinued pessary
use. Dissatisfaction was associated with occult stress urinary
incontinence with an odds ratio of 17.1; 95% CI, 1.9-206,
P=0.004.

The Cochrane review group concludes that despite the
common usage of pessaries, there are wide gaps in our
knowledge of treatment outcomes using mechanical devices.
Therefore there is a need for well-designed RCTs of a
mechanical device versus control/waiting list/no active treat
ment, a mechanical device versus surgery, and a mechanical
device versus pelvic floor muscle training and/or lifestyle
interventions,"

Pelvic floor muscle training. In a clinical review
article by Thakar and Sranton," it was stated that PFMT
may limit progression and alleviate mild prolapse symptoms
such as low back pain and pelvic pressure. They concluded
that PFMT is not useful if the prolapse extends to or beyond
the vaginal introitus. Also, Davila" suggest that "Kegel exer
cises" may alleviate mild prolapse symptoms. None of the
above-mentioned authors, however, refer to any studies to
support their statements on PFMT for POP. One uncon
trolled study has been found. Mirnura et al~ followed 32
women with rectocele>2 ern below "the expected line" at
proctography, The patients had biofeedback training with a
nurse every 2-3 weeks, usually for 4-5 sessions. Twenty-five
women met for follow-up assessment. The results showed
that complete resolution of symptoms was achieved in 12%.
At follow-up 14 patients (56%) felt that their constipation
had improved a little and 11 (34%) felt that it had improved
a lot.

In a Cochrane review of PFMT on POP, it was concluded
that there are no RCTs on the efficacy of PFMT in
prevention and treatment of POP, and that high-quality
RCTs in this area are needed." Hence, statements on
whether it is effective or not, or only effective for subgroups,
e.g. prolapse with mild symptoms, are not based on evidence
from research data. A survey of UK women's health
physiotherapists (response rate 71%) showed that 92%
assessed and treated women with POP. The most commonly
used treatment was PFMT with and without biofeedback."
However, there were no available guidelines to follow in
clinical practice."

A new PubMed search for studies on PFMT and POP
revealed one RCT from 2003. Piya-Anant et al'l5 conducted
both a cross-sectional study in 682 women and an inter
vention study of 654 of the same women (mean age 67 years,
SD±5.6). Seventy percent were diagnosed as having POP.
Thirty percent were classified as severe and 40% as mild
prolapse. The women were randomly allocated to either an
experimental or a control group. Women in the experimental
group were taught to contract the PFM 30 times after a meal
every day. Women not able to contract were asked to return
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to the clinic once a month until they could perform correct
contractions. In addition, they were advised to eat more
vegetables and fruit and to drink at least two liters of water
per day to prevent constipation. There were follow-up visits
every 6 months throughout the 2-year intervention period.
The results showed that the intervention was only effective
in the group with severe prolapse. The rate of worsening of
POP was significantly greater in the control group than the
PFMT group---72.2 % versus 27.8%, respectively.

To date, this seems to be the only srudy of PFMT and
POP. The srudy showed improvements in a significant
number of women with severe prolapse after PFMT.
However, the results should be viewed with some caution.
The randomization procedure was not described and there
was a cointervention with change of nutrition and water
intake. There was no description of methods used to eval
uate PFM function, and no follow-up of the home training
program, measurement of PFM strength or report of adher
ence to the training protocol. However, the most serious flaw
is the method used to measure and classify POP. Recom
mended quantification systems, e.g. the pOp_Q,24 or other
methods to quantify prolapse such as ultrasound or MReo

were not used. The evaluation methods and classification
categories used are poorly described and there are no refer
ences to srudies showing that the evaluation systems had
been tested for reproducibility or validity. Although this
srudy supports PFMT as a method to prevent and treat POP
in severe prolapse, more high-quality RCTs are needed to
confirm PFMT as an effective treatment.

Theories to support PFMT in treatment of POP.
There are two main hypotheses on how PFMT may be
effective in prevention and treatment of stress urinary
incontinence (SUI).46 The same theories may apply for POP.

1. Women learn toconsciously contract before and duringincrease in
abdominal pressure, and continue toperform such contractions as a
behavior modification topreventdescent"

On conscious contraction of the PFM, there is a lift of the
pelvic floor in a cranial and forward direction and a squeeze
around the urethra, vagina, and rectum."..+8 Ultrasonography
and MRI show the lift in a cranial direction and movement
of the coccyx in a forward, anterior, and cranial direcrion.P"?
Mantle'" describes a common technique termed "counter
bracing," taught by physical therapists to prevent leakage
during increases in abdominal pressure. The patient is
taught to contract the PFM just ahead of physical stressors
and to hold the contraction throughout the stress, with the
rationale being that the urethra and bladder base are thus
prevented from descending. In addition, the PFM con
traction squeezes around the urethra and increases the
urethral pressure. 11,51,52

In 1998Miller et al53 named this voluntary counrerbracing
type contraction the "knack." In a single-blind RCT, subjects
were taught to contract before and during a cough. No
additional strength training regimen was performed. A paper
towel test was used at baseline and after 1 week of per
forming the maneuver at home. The results showed that the
"knack" performed during a medium and deep cough
reduced urinary leakage by 98.2% and 73.3 %, respectively.
Cure rate in "real life" was not reported.

Research on basic and functional anatomy research sup
ports the "knack" as an effective maneuver to prevent leak
age. Peschers et al54 evaluated 10 nulliparous women by
perineal ultrasound and EMG during coughing with and
without a voluntary PFM contraction. Bladder neck descent
was significantly less when women were asked to contract
the PFM before cough (4.7 mm (SO 2.9» than when cough
ing without such contraction (8.1 mm (SO 2.9». The authors
concluded that the PFM voluntary contraction stabilizes the
vesical neck during increases in abdominal pressure. Miller
et aJZ6 used perineal ultrasound to compare 11 young, conti
nent nulliparous women with 11 older, incontinent parous
women when subjects coughed with and without voluntary
PFM contraction. Vesical neck mobility was significantly
reduced from median 5.4 mm to 2.9 mm when voluntary
contraction was performed. To date, there are no srudies on
how much strength is necessary to prevent descent during
cough and other physical exertions, and we do not know if
regular counterbracing during daily activities is enough to

increase muscle strength or cause morphologic changes of
the PFM. There are no srudies of using counterbracing /the
"knack" in prevention or treatment of POP.

An interesting hypothesis but one difficult to test is
whether women at risk for POP can prevent prolapse
developing by performing the "knack" during every rise in
abdominal pressure. Since it is possible to learn to hold a
hand before the mouth before and during coughing, one
would suggest that it is possible to learn to precontract the
PFM before and during simple tasks such as coughing, when
lifting, and performing abdominal exercises.

2. Regular strength training builds permanent muscle volume and
structural support, leading to unconscious co-contractions causing
prevention ofdescent duringincreased abdominal pressure"

Kegel originally described PFM training as physiologic
training or "tightening up" the pelvic floor, and women were
asked to contract the PFM 500 times per day to strengthen
the muscles." Modern exercise science provides an excel
lent foundation for understanding PFM training in the
context of strength training.

Muscle strength is defined as the "maximum force which
can be exerted against an immovable object (static or iso
metric strength), the heaviest weight which can be lifted or
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lowered (dynamic strength), or the maximum torque which
can be developed against a pre-set rate limiting device
(isokinetic strengthj.t" Muscle strength is strongly cor
related to the cross-sectional area of the muscle (muscle
volume) and neural factors such as the total number of
activated motor units and frequency of excitation.57 Other
determinants of muscle strength include joint angle and
lever arm, the relationship between length and tension, the
relationship between force and velocity (force decreases as
speed increases in concentric contractions), and the meta
bolic component (rate at which myosin splits ATP).56 As in
other skeletal muscles, these components affect an
individual's PFM strength.

The aim of a strength training regimen in regular skeletal
muscles is to change muscle morphology by increasing the
cross-sectional area, to improve neuromuscular function
by increasing the number of activated motor neurons
and their frequency of excitation, and to improve muscle
"tone.?" Connective tissue is abundant within and around
all skeletal muscles including the epimysium, perimysium,
and endomysium. These connective tissue sheaths provide
the tensile strength and viscoelastic properties ("stiffness")
of muscle and support for the loading of muscle. 58 There
is evidence that physical activity and strength training
can increase connective tissue mass, and that intensity of
training and load bearing are major factors for effective
training.58-60

For effective muscle strengthening in skeletal muscles in
adults, exercise physiologists recommend three sets of 8-12
slow-velocity, close to maximum contractions 2-4 days a
week." Maximal effect may not be achieved for 5 months."
The PFM are regular skeletal muscles and therefore
recommendations for effective PFM training should be no
different from that of other skeletal muscles.

The theoretical rationale for intensive strength training
(exercise) of the PFM to treat POP is that strength training
may build up the structural support of the pelvis by ele
vating the levator plate to a permanent higher location
inside the pelvis and by enhancing hypertrophy and stiffness
of the PFM and connective tissue. This would facilitate a
more effective automatic motor unit firing (neural adapta
tion), preventing descent during increase in abdominal
pressure. The training may also lift the pelvic floor, and
thereby the protruding organs, in a cranial direction. The
pelvic openings may narrow and the pelvic organs are held
in place during abdominal pressure rises.

Just as with pharmaceutical therapy, there is a dose
response relationship in all forms of exercise training.63.64

The term "exercise dosage" includes the type of exercise,
frequency, intensity, and duration of the training period.64

•
65

Type of exercise implies correct contraction of the PFM.
Frequency is defined as number of exercise sessions per week.
Intensity is defined as a certain percentage of maximum

performance. For strength trammg, this is defined as
percentage of one maximum contraction termed "one
repetition maximum" (1 RM). Duration of the training is the
length of the training period, e.g. 8 weeks or 6 months. All
these factors, in addition to the extremely important
adherence to the training protocol, affect the final outcome
ofPFMT

Several RCTs have shown an increase in PFM strength
after training to treat SU1.66-68 However, only Bernstein
et al69 measured PFM volume before and after training. In
this uncontrolled study a significant increase in muscle
volume after training was shown by ultrasound. Due to the
lack of a control group, more research is needed to provide
conclusive evidence that muscle hypertrophies after PFM
training. None of the strength training studies to date have
evaluated the effect of PFM training on PFM tone or
connective tissue stiffness, position of the muscles within the
pelvic cavity, their cross-sectional area or neurophysiologic
function. Therefore, we cannot conclude whether such
changes did occur.

PFM strength training programs have proven effective in
preventing leakage during prolonged provocative physical
activities such as running and jumping, during which partic
ipants were not instructed to contract the PFM voluntarily
during exercise66-68 It seems unlikely, in fact, that one could
continuously contract the PFM voluntarily during pro
longed exercise, and thus one could postulate that morpho
logic changes have occurred.

Ultrasound and MRI studies have shown that parous
women have a more caudal location of the pelvic floor than
nulliparous women. 26,70 Difference in anatomic placement
has also been shown between continent and incontinent
women." DeLancey et aJ71 demonstrated that women with
POP generated 43% less force and had more atrophy of the
PFM than women without POP. One of the main theories
for the effect of PFMT on SUI is that strength training
increases muscle volume, neurogenic adaptation, connective
tissue stiffness and strength, and shift of anatomic location of
the pelvic floor to a more cranial resting position within the
pelvis." The only study of PFMT for POP did not measure
either PFM strength or morphologic changes.

Several studies have shown that >30% of incontinent
women are not able to contract the PFM correctly at their
first consultation.l':" Assessment of ability to contract,
feedback, and close follow-up are therefore mandatory in
teaching PFMT.72

•
73 Most women learn to contract after a

few weeks of rehearsal. However, some women, and espe
cially those bearing down or straining, may not be able to
conrracr." Bump et alII showed that 25% of women were
straining instead of contracting. Straining is one risk factor
for the development of POP and should be avoided."

Since PFMT has no known side effects, has shown to be
effective in RCTs and systematic reviews to treat SUI and



mixed incontinence," and many women present with both
POP and VI, it is this author's opinion that physical thera
pists should continue to treat POP patients with PFMT.
Basic research on pelvic floor anatomy and knowledge from
exercise science suggest that PFMT is effective in preven
tion and treatment of POP.46 The fact that there is no current
evidence from RCTs should not prevent physical therapists
trying to help women to minimize their symptoms. Since
occult SUI may be a common side effect of pessary use and
surgery,2I,42,74 PFMT should also be advocated in combina
tion with pessary use and surgery. However, there is an
urgent need for high-quality RCTs with appropriate
training protocols to evaluate the effect of PFMT in the
prevention and treatment of POP.
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Surgical Management: The
Urogynecologist's Approach

CHAPTER

19a
Linda Brubaker

INTRODUCTION
Surgery for pelvic organ prolapse (POP) is common.
However, there are significant geographic, cultural, and
specialty-based differences in surgical practices. This
chapter will review urogynecologic approaches to POP
repair and provide the surgical trainee with a framework for
future research in this field.

DEMOGRAPHICS OF PELVIC ORGAN
PROLAPSE SURGERY REPAIR
Recent estimates from large American databases indicate
that POP surgery is more common than continence surgery,
with approximately 200,000 patients having POP surgery
annually.' An often quoted epidemiologic evaluation of a
large north-western Kaiser-managed healthcare population
suggests that American women have an 11.1 % risk of POP
surgery by the age of 80, with nearly 30% undergoing more
than one procedure.' The epidemiology of recurrent POP
has also recently been studied and several risk factors
highlighted.' Although racial differences are understudied,
it appears that Caucasian women have a threefold increase
in surgery compared to African-American women.

Subak er al estimated that the annual direct cost of POP
surgery in the United States was approximately $1012
million."These statistics are likely to underestimate the real
surgical burden to society. Given the prevalence of POP
surgery and the high rate of POP recurrence, there is a
pressing need to apply the highest quality of scientific study
to this field.

DECISION FOR SURGERY
Expert opinion is virtually unanimous in the recommen
dation to limit POP surgery to patients who have symptoms
directly attributable to their POP. Although this seems
relatively straightforward, it is not always clear which pelvic
symptoms are related to POP.5,6 Many pelvic symptoms may
coexist with POP. For example, urinary incontinence,

constipation and disordered defecation are relatively
common comorbidities. However, these concomitant dis
orders may not be directly related to POP and may persist
after otherwise successful anatomic POP repair. Experts
suggest that the symptoms of vaginal protrusion and bulging
are relatively clearly related to POP and frequently are
resolved by successful POP repair.

Less commonly, a patient may present with a large
"asymptomatic" anatomic defect. Most commonly, this patient
has developed significant adaptative behaviors, avoiding
situations that emphasize the awareness of the abnormal
anatomy. On occasion, a cognitively impaired patient may
deny symptoms, although a caregiver clearly relates that
the patient's behavior is consistent with bothersome pelvic
symptoms. In these situations, upper urinary tract safety
should be ensured if POP reduction is not imminent.

It is important that the patient has sufficient bother from
POP to warrant surgery and to allow successful surgery to be
appreciated. A minimally symptomatic patient is unlikely to
have a satisfactory risk/benefit ratio and is unlikely to
tolerate even minor postoperative difficulties. The presence
of other pelvic symptoms should not be so severe as to
overwhelm the effects of otherwise successful surgery. A
woman with relatively asymptomatic uterine prolapse and
severe fecal incontinence is unlikely to perceive a significant
improvement in her overall pelvic health when the
uterovaginal prolapse is successfully treated but the fecal
incontinence remains severe.

The goals of the surgery should be clearly explained to
the patient. Pelvic anatomy and symptoms are difficult even
for physicians to fully comprehend and it may be necessary
to review the surgical indications and perioperative plan on
more than one occasion from more than one perspective.
Clinically worrisome hesitation or unrealistic expectation
should prompt further preoperative discussion or permanent
deferral of surgery.

Once a patient and physician have made a mutual deci
sion to proceed with POP surgery, the specific surgical
recommendations should be determined. The patient's 189
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perspective may include a lack of understanding about the
prolapsing tissues. It is common for a patient to believe (or
have been told by a medical professional) that "her bladder
is fallen." In fact, many physicians underdiagnose apical
defects, indicating to the patient that a "large cystocele" is
present. Prior surgery may have been unsuccessful due to a
lack of comprehensive diagnosis, including apical defects.
Therefore, it may be necessary to carefully explain why the
current surgical plan differs from a previous unsuccessful
plan. Recurrent POP surgery is further discussed later in this
chapter.

The surgeon's perspective includes a continuous assess
ment of the risk/benefit ratio for the individual woman. For
centuries, our gynecologic forefathers have emphasized the
need to individualize each surgical repair for an individual
patient. This remains true, although modern surgeons do not
always actively practice it. Every woman has certain risk
factors for recurrent POP, although this area requires further
scientific study.' For example, a young woman who has
sustained a major childbirth-provoked POP may have
markedly decreased neuromuscular integrity of the pelvic
function. Once she has completed her family and desires
POP surgery, the surgeon must determine the procedure (or
group of procedures) that will provide the highest success
rate, longest durability, and lowest rate of complications.
The woman's projected lifespan and the severity of her
primary presentation increase her risk for recurrent POP. A
similar woman may wish for uterine preservation.

Other patients may have undergone several prior POP
repairs, have discontinued vaginal coital activity, and des
perately wish for a definitive resolution of POP. A different
procedure is likely to be appropriate for these women.

Clearly the counseling of surgical options should be an
interactive process with multiple options presented to and
discussed with the patient prior to reaching a mutually
agreeable decision. There are two "favorable" aspects of
POP: it is rarely painful and it is generally not life threat
ening. These favorable features allow both surgeon and
patient to carefully consider a variety of treatment options
and pursue surgical intervention on a convenience schedule.
It would be a highly unusual situation that would require
rushing a POP patient to surgery.

PHILOSOPHY OF SURGICAL PLAN
Surgeons may have highly individualistic philosophies
regarding their surgical plans. The common philosophy is
that the surgeon plans to do the most effective procedure
that is least morbid. However, the best procedure (or
combination of procedures) with which to accomplish this
goal remains unknown.

Extirpative surgery is often performed during POP
procedures. In the US, the uterus is removed during almost

all primary POP operations. It is estimated that approxi
mately 7-14% of hysterectomies are done for the indication
of POP. However, in various European countries, the uterus
is virtually always preserved. There is no clinical trial that
has addressed this most basic aspect of POP surgery.
Surgical series that have been reported provide sufficient
information for planning such trials and would reduce the
confounding and severe biases present in all surgical case
series published to date. There is no evidence that uterine
preservation or removal affects the primary cure rate or risk
of POP recurrence. Nieminen et al confirm that concomi
tant hysterectomy caused a statistically significant increase
in the duration for the procedure.'

There are reproductive issues surrounding hysterectomy
at the time of POP surgery. Most experts prefer to defer
POP surgery until child bearing is complete. When a woman
becomes pregnant following otherwise successful POP
repair, most experts recommend cesarean delivery without
labor in order to avoid further pelvic damage that increases
the risk of POP recurrence.

Oophorectomy is commonly performed at the time of
POP repair, although less commonly than hysterectomy. It is
a well-known phenomenon that vaginal hysterectomy has a
lower rate of concomitant oophorectomy than abdominal
hysterectomy; even when patient age and other risk factors
are similar. However, oophorectomy is relatively commonly
performed in recurrent POP surgery, according to prevail
ing gynecologic indications for removal ofotherwise healthy
postmenopausal adnexae.

There are several philosophic viewpoints regarding the
reconstructive aspects of POP surgery. For many years,
experts recommended repairing "all defects." However, it
was recognized that many asymptomatic, vaginally parous
women have altered vaginal topography. Because experts
cannot agree on what is normal anatomy for vaginally parous
women, and because there is only a vague relationship
between anatomy and function, it is difficult to recommend
repair of "all defects." More than two-thirds of parous
women have objective evidence of POP on clinical exami
nation. The majority of these defects are asymptomatic and
fewer than 15% of them will require surgical intervention.
The policy of "repair all defects" may in fact induce more
dysfunction than it resolves. For example, surgical treatment
of an asymptomatic posterior wall that is present at the
hymen may cause significant new-onset dyspareunia.

Some POP surgery (and some concomitant continence
surgery) may predispose to de novo or worsening of other
POP. The specific risks for these events are only poorly
understood. A small case series suggested that POP occurred
in approximately 15% of women who had a Burch ure
thropexy," Clinicians have used this report to suggest that
concomitant culdeplasty was indicated at the time of Burch
urethropexy. Since the publication of this report, no



randomized surgical trial has addressed the risk of de novo
POP at the time of Burch urethropexy.

Multiple case series have suggested vulnerabilities in
various POP procedures. The sacrospinous ligament suspen
sion is a commonly performed procedure that appears to
have a relatively high rate of persistent or de novo anterior
wall support defects. The combination of a needle ure
thropexy and sacrospinous ligament suspension has been
shown to predispose to the early development of prolapse
of the upper anterior vaginal segment and failure of
bladder neck support," Case series have highlighted the
posterior vaginal support defects that may occur after
sacrocolpopexy."

The selection of the optimal POP procedure includes an
assessment of the site-specific risks of POP recurrence for
that individual woman. In a woman with a predominantly
anterior support defect, a procedure that is more effective
for this segment may be considered. Likewise, a predomi
nant posterior defect may be optimally treated with a pro
cedure that does not further challenge posterior support.

The selection of concomitant procedure may also affect
the decision for a specific procedure or the components of a
combined procedure complex. The effect of concomitant
continence procedures will be further discussed later in this
chapter.

TECHNICAL ASPECTS OF RECONSTRUCTIVE
SURGERY
It is assumed that readers of this book have basic surgical
knowledge and are aware of the importance of meticulous
surgical technique, including respect for tissue planes,
hemostasis, and surgical efficiency. Given the patient
positioning and duration of many POP procedures, the
surgical team should be cognisant of the risks of nerve injury
and be diligent in their ongoing efforts to minimize long
term neural sequelae.

Most POP patients are positioned on the operating table
with the intention to complete the repair through either
a transvaginal or a transabdominal route. A minority of
surgeons plan to use both routes during the same procedure
in selected patients.

Selecting the optimal route for surgery is an important
cornerstone of surgical planning. However, these are extra
ordinarily difficult studies to plan and complete.

Figure 19a.l demonstrates the preoperative view of a
stage IV uterovaginal POP that was successfully repaired
with a transvaginal route. Figure 19a.2 demonstrates the
preoperative physical findings in a woman with three prior
vaginal POP repairs who was ultimately successfully treated
with sacrocolpopexy. Clearly, different patients require
different surgical approaches. Four randomized surgical
trials have attempted to address this important area. Two

TECHNICAL ASPECTS OF RECONSTRUCTIVE SURGERY I

Figure198.1 Preoperative view of a stage IV uterovaginal POPthat
was successfully repaired with a transvaginal approach.

Figure198.2 Preoperative physical findings in a woman with stage
IV POP and three prior vaginal POP repairs who was ultimately
successfully treated with sacrocolpopexy.

of these trials are reported in sufficient detail to allow
evaluation of their results.

Benson et al reported the first randomized surgical trial
addressing the optimal route for surgery." These researchers
reported that abdominal surgery was significantly more
likely than vaginal surgery to result in an optimal outcome
(mean follow-up 2.5 years). An interim analysis revealed a
clinically significant disparity between the groups and the
authors felt obliged to stop the trial after 124 women were
randomized over 26.5 months. The final sample of80 women
who were treated included a significant proportion of 191
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"abdominal" participants who also had vaginal procedures
(anterior colporrhaphy 30% and posterior colporrhaphy
50%). The specific primary prolapse procedures performed
included bilateral sacrospinous suspension, vaginal para
vaginal repair, Pereyra needle urethropexy, sacrocolpopexy,
retropubic paravaginal repair, and Burch colposuspension.
Thus, the route of surgery was also related to specific
procedures, as is common clinically.

Women in the vaginal group with recurrent POP expe
rienced their recurrence significantly earlier than women in
the abdominal group. However, women randomized to the
abdominal group had significantly more complications and
significantly longer operation rimes and hospital costs than
women in the vaginal group.

The recently published study by Maher et al corroborates
the Benson findings of anatomic superiority of abdominal
sacrocolpopexy at a mean follow-up of 24 months. 13

However, unilateral vaginal sacrospinous suspension had
an overall equal efficacy when complications and patient
centered outcomes were included in the outcome assessment.

These two important studies compare a group of POP
procedures as well as the route of POP surgery. The reoper
arion rates for prolapse or incontinence were similar, with
the vaginal approach being quicker, less expensive, and
associated with a quicker return to activities of daily living.
However, the vaginal approach was associated with a signifi
cantly higher rate of combined recurrent anterior and apical
prolapse. This difference in objective evaluation was offset
by an increased rate of posterior compartment prolapse
following the sacral colpopexy, resulting in an overall similar
objective outcome between the two groups.

These studies support the superiority of the abdominal
route procedures compared with the vaginal route proce
dures as measured by the durable restoration of anatomy
and lower urinary tract and vaginal function. However, this
anatomic superiority may be offset by the increased morbid
ity of the abdominal route. Clearly, additional large clinical
trials will be needed to determine the optimal approach for
primary and recurrent POP surgery.

RISKS OF RECURRENT PROLAPSE
There are no long-term studies with objective outcomes to
assess the durability of any POP procedure. However, there
are several case series that highlight disturbingly high rates
of recurrence in short-term follow-up.

Brubaker reported an unacceptably high rate of anterior
wall support defects in a sacrocolpopexy series with only
apical and posterior mesh placement." Currently, experts
recommend fixation of both anterior and posterior material
at the time of sacrocolpopexy. It is well known that simple
fixation of sacrocolpopexy materials to the apex only results
in unacceptably high POP recurrence rates.

Weber at al reported an unacceptable high rate of ante
rior wall support defects in a randomized trial of three
techniques for anterior wall support defect repair," There
were no significant differences between the groups at a mean
follow-up of nearly 2 years with only 30%,46%, and 42%
experiencing satisfactory or optimal anatomic results.

Kenton et al reported a case series of defect-specific
rectocele repairs in which certain functional abnormalities
(manual assistance with defecation) recurred within 1 year
in approximately half of the patients, despite anatomic
resolution of their posterior wall anatomic defects."

Most experts believe that suspension of the apex is the
cornerstone of prolapse repairs, regardless of the route of
surgery. Ineffective apical suspension is often misdiagnosed
as "large cystoceles" or "enterocele." If the preoperative
diagnosis is not accurate, it is unlikely that the surgical plan
will be appropriate.

There is limited demographic information on the risk of
recurrent surgery. Clearly, an estimate of repeat surgery will
underestimate the number of women who actually have
persistence or recurrence of their pelvic floor disorders. The
risks factors for recurrent POP are generated predominantly
by expert opinion and epidemiologic studies. Risks include
unsuccessful prior surgery and unusually extreme forces on
the repair sites.

There is a known risk of persistent, recurrent or de novo
POP after POP surgery. In 1943 Victor Bonney reported
that fixed vaginal retroversion predisposes to anterior
segment prolapse. It is well known that sacrospinous liga
ment suspension is associated with anterior wall anatomic
defects.1O,17-19

The prevalence of cystocele from 1 to 5 years after
sacrospinous vault suspension has been reported to be
16-18%,2° 36%,10 and 92%.19 The combination of marked
retroversion of the vaginal apex resulting from the
sacrospinous suspension and the marked anterior deflection
of the anterior segment resulting from the needle bladder
neck suspension and paravaginal repair increases the stress
on the upper anterior vaginal wall, leading to much earlier
and more severe recurrent anterior segment prolapse.

TECHNIQUES FOR REPAIR OF RECURRENT
PROLAPSE
When faced with a patient who has POP persistence or
recurrence, especially within a short period of time, the
surgeon must set aside ego and arrogance. Surgeons have a
tendency to overemphasize another surgeon's lack of skill as
a cause of the unsuccessful surgical outcome, deflecting the
role of patient selection and the procedure. It is important
to consider the capabilities and surgical habits of the prior
surgeon, and to review the surgical record for important
clues such as material mismatching or unusual intraoper-



Figure 198.3 Preoperative physical findings in a patient with
multiple prior procedures whose vagina is now extremely thin and
shortened.

ative findings. Figure 19a.3 demonstrates the preoperative
physical findings in a patient with multiple prior procedures
whose vagina is now extremely thin and shortened.
Materials issues will be further discussed in the next section.
It is not common to have an outstanding surgical success
when performing the exact same operation that was previ
ously unsuccessful. Alternative technique and materials are
typically justified. Less commonly used techniques such
as vaginal closure (colpocleisis) may be offered to select
women. Figure 19a.4 demonstrates the postoperative appear
ance of a vaginal closure with extensive perineorrhaphy.

Figure 198.4 Postoperative appearance of a vaginal closure with
extensive perineorrhaphy.

COMBINING POP AND CONTINENCE PROCEDURES

ADJUNCTIVE MATERIALS FOR
RECONSTRUCTION
Surgeons rely on adjunctive materials for two purposes
during POP surgery." The first is for a bridging purpose,
such as during sacrocolpopexy where the adjunctive mate
rial actually forms a bridge and must remain in situ for the
foreseeable future. It is inappropriate to use dissolving
materials when constructing a bridge that needs to be per
manent. The ideal permanent material does not yet exist."
Interested readers are referred to published literature for a
more thorough understanding of the issues in this rapidly
evolving area. Although permanent materials offer dura
bility and strength, this favorable aspect must be weighed
against the irreducible problems with foreign materials (of
any kind) in the human body. A variety of case reports
highlight the low but persistent rate of permanent materials
problems in POP surgery.There are many permanent meshes
available for the surgeon to use as bridging materials. The
surgeon should be familiar with the properties of the
material and be able to deal with foreign body complications
should they arise.

The other form of adjunctive material is intended to
provide additional structure to weakened native tissues, such
as within the surgical planes necessary for anterior and
posterior vaginal wall repair. Case series and case reports
have documented inappropriate surgical use of many
materials rates resorptiorr" and surgical removal," among
other problems." The recent International Consultation on
Incontinence Committee on Pelvic Organ Prolapse com
pleted a comprehensive review of this topic. There are
two randomized trials to determine the role of polyglactin
mesh in reducing the high anatomic recurrence rate in the
anterior wall. ' 5,26 However, the findings of these two studies
conflict. This expert review found no evidence to support
the use of biologic or permanent synthetic grafts for
transvaginal POP repair.

Therefore, until there is evidence of efficacy, as well as
safety, the use ofsuch adjunctive materials for the purpose of
transvaginal tissue reinforcement should occur within the
setting of a clinical trial. Several ongoing trials are under
way and are likely to be completed following publication of
this book. Interested readers are encouraged to continually
assess this surgical recommendation, as there is a great deal
of ongoing work in this area.

COMBINING POP AND CONTINENCE
PROCEDURES
At least one-third of women who have POP surgery have
concomitant continence procedures. This is an area of
significant scientific uncertainty that deserves much more
attention. This area is also troubled by a resolvable
nomenclature problem. 193
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Women with POP may have the full spectrum of lower
urinary tract problems, including incontinence and/or
retention. Using an arbitrarily set cut-off of 100 cc,
FitzGerald et al demonstrated that it is uncommon to detect
high posrvoid residuals when women have less than stage II
POPP Women with stage III or IV POP may carry a high
residual but this is nearly always resolved with POP repair,"
There is a small group of women who need POP surgery
who have had prior continence surgery and this group is at
increased risk for unsuccessful repeat continence procedure
and postoperative voiding dysfunction.

When preoperative stress urinary incontinence (SUI) is
present, the surgeon typically wishes to add a concomitant
procedure. Although the optimal continence procedure is
not clear, a recently completed NIH clinical trial may pro
vide some data following the publication of this book. A
large variety of small case series report that a wide variety
of continence procedures are "safe and effective" when com
bined with POP surgery. These case series have multiple
significant limitations and do not effectively address this
major issue in POP surgery." Bump et al reported that
the needle suspension procedures predisposed to recurrent
prolapse when combined with sacrospinous ligament sus
pensions." Colombo reported differential continence rates
following needle suspension or posterior urethral ligament
plication, although both procedures are known to have
lower success rates than gold standard continence proce
dures such as urethropexys and slinga" This group also
reported differential anatomic restoration rates in the
anterior wall following Burch urethropexy versus anterior
colporrhaphy."

It is well known that stress incontinence can become
apparent following POP repair," The discussion of this
topic is severely hampered by differences in nomenclature.
Researchers and clinicians use terms such as "a potential"
and "occult incontinence" in inconsistent ways. Some
clinicians use these terms as descriptors of the vulnerability
of all stress-continent women with POP; that is to say, they
all have a risk (of unknown magnitude) of developing SUI
after their POP surgery. Other clinician researchers reserve
the terms for otherwise continent women who have the
urodynamic finding of stress incontinence during testing. It
is not clear whether this must occur with or without prolapse
reduction. Most experts believe that POP reduction in a
severe manner can unmask SUI in virtually all women, and
is likely an artifact. The optimal method for prolapse
reduction is not known, nor are urodynamic techniques for
this standardized. Moreover, it is not clear what urodynamic
terms should be used to describe a POP patient who
does not leak at maximum capacity without reduction, but
demonstrates urodynamic stress incontinence only during
reduction. Most urodynamicists use the same term

"urodynamic stress incontinence," although the need to
reduce the POP is not included in such standardized ter
minology. Therefore, clinician researchers are urged to fully
describe their terms and methods in this somewhat unclear
area of POP surgery.

When there is no preoperative SUI (stress-continent
woman with POP), the surgeon is faced with one of three
choices. The surgeon can:

I. always add a continence procedure (causing de novo
symptoms in some women who do not necessarily
benefit from the procedure)

2. never add a continence procedure (and probably
need to reoperate on a portion of women for SUI
later)

3. attempt to predict postoperative continence status,
usually using a urodynamic technique.

As appealing as option 3 is, there is no standardized tech
nique for prediction of postoperative continence status, even
using high-quality urodynamic tests. Ongoing clinical
trials are under way to address this important area of POP
surgery."

When two surgeons from different disciplines cooperate
on a patient, it is extremely important to have collegial
communications regarding the perioperative care of the
patient. Should difficulties arise (urinary retention, recur
rent POP, etc.) a unified approach to the resolution of these
symptoms is critically important. It is inappropriate to bounce
a patient back and forth between noncommuni-cating
surgeons, especially when the surgical result is suboptimal.

The most commonly performed procedures for POP
include sacrocolpopexy, sacrospinous ligament suspension,
anterior colporrhaphy, and posterior colporrhaphy. All these
have been the subject of randomized surgical trials. The ICI
Committee on POP surgery has concluded that sacrospinous
based vaginal procedures have a higher anterior and apical
anatomic recurrence rate than sacrocolpopexy-based abdom
inal repairs. Overall outcomes (which include quality of
life) indicate that abdominal surgery and vaginal surgery are
relatively equivalent. Abdominal surgery has a higher
morbidity, at least in the short term.

There is no evidence that any transvaginal repair of the
anterior vaginal wall is superior to any other. Similarly, there
is no evidence that any transvaginal apical procedure is
more effective than any other.

Experts suggest that POP may be prevented in some
women by enhancing surgical efforts to suspend the vaginal
cuff following hysterectomy by any route. There is no
randomized trial that supports this recommendation; how
ever, the risk/benefit ratio of careful cuff suspension is in the
patient's favor.



DETERMINING SURGICAL OUTCOMES
The outcome of surgery is typically assessed clinically. This
form of clinical assessment is vulnerable to overestimation
of the surgical efficacy. Patients with suboptimal outcomes
often do not return to their primary surgeon. Surgeon's
bias is a well-known phenomenon that may be enhanced by
the patient's desire to please her surgeon. It is preferable
to have some form of standardized objective outcome
measures that are obtained by someone other than the sur
geon. These assessments should include anatomic, functional,
and patient-oriented outcome measures. All experienced
surgeons have met with postoperative patients who were
happy despite a significant anatomic defect while in the next
examination room was a patient with perfect postoperative
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Surgical Management: The
Urologist's Approach

CHAPTER

19b
Jason P Gilleran and Philippe E Zimmern

INTRODUCTION
With an aging population of women who wish to maintain a
good quality of life, the demand for repair of pelvic organ
prolapse (POP) is increasing. The prevalence of POP has
been quoted at 2(}-SO% in a screened population.V with a
lifetime risk of surgery for prolapse estimated around II %.3
Based on the Medicare reimbursement schedule and
measured in 1997 US dollars, the direct cost of surgical
repair alone for POP has been estimated at over $1 billion."

Surgical management of POP by the urologist has his
torically been limited to surgery for stress urinary incon
tinence (SUI) and cystocele repair. However, since it is not
uncommon for women to undergo multiple prolapse repairs
at the time of SUI repair,' the urologist's role in treating this
condition is rapidly evolving. Although some women will
choose conservative management, a large number will be
bothered enough to pursue surgical repair."

The ultimate goal of POP repair is to restore anatomy
and function of the vagina and pelvic organs. This chapter
will focus primarily on the surgical techniques for prolapse
repair available to the pelvic floor reconstructive surgeon,
with a review of their unique complications, results, and
long-term outcome (when available). A significant portion of
this chapter will discuss prolapse of the anterior vaginal wall,
as these are the techniques most familiar to urologists.
However, since vaginal apex and posterior compartment
prolapses can coexist with anterior vaginal wall herniation,
discussion of these repair techniques will be provided
as well.

ANTERIOR COMPARTMENT REPAIR
The most common anterior vaginal compartment prolapse is
the cystocele. Assessment of the degree of prolapse can be
based on a variety of systems, the two most popular being
the Baden-Walker halfway system and the pelvic organ
prolapse quantified (POP-Q) grading systemY The severity
of prolapse is important, as effective management of mild
to-moderate prolapse differs from that of severe prolapse.

Once the decision is made to repair a symptomatic
cystocele, the choice of surgical technique is influenced by
several factors, which are summarized in Box 19b.l. The
options for cystocele repair are presented in Table 19b.l,
stratified by degree of cystocele and approach (transvaginal
versus abdominal). For each procedure discussed, we will
present sequentially the goal, technique with risks and
complications, and results in table form.

Vaginal repair: general comments. There are sev
eral operative steps common to all vaginal repairs. The
patient is placed in the dorsal lithotomy position, with the
legs placed in Allen stirrups or candy canes, and care taken
to pad all pressure points. TED hose and/or pneumatic
compression devices are commonly considered to prevent
venous thrombosis.

After full vaginal and lower abdominal preparation, either
a Lone Star (Lone Star Medical Products Inc., Stafford, TX)

Box 19b.1 Factors contributing to options for surgical
management of pelvic prolapse

• Degree or stage of herniation

• Location of defect (lateral vs central)

• Prior vaginal or pelvic repairs

• Associated or unmasked stress incontinence

• Associated voiding dysfunction

• Sexual function

• Level of activity

• Upper tract status

• Hormonal status

• Presence or absence of uterus

• Medical comorbidities

• Patient expectations

• Risk factors for recurrence (obesity, chronic pulmonary
disease, chronic constipation) 197
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Table 19b.1 Options for cystocele repair based on degree of prolapse and approach

Mild-to-moderate cystocele Severe cystocele

Vaginal approach Abdominal approach Vaginal approach Abdominal approach

Vaginal wall repairs Burch colposuspension Graft interposition (allograft, Mesh sacrocolpopexy
Four-cornersuspension xenograft, synthetic)
Anterior vaginal wall
suspension Paravaginal repair Anterior vaginal wall suspension Laparoscopic sacrocolpopexy

Laparoscopic colposuspension Anterior colporrhaphy

198

or Turner-Warwick retractor, weighted speculum, and occa
sionally a headlight are used to optimize exposure (Fig.
19b.lA). The bladder is drained continuously throughout
the procedure with a urethral catheter. Alternatively, a
suprapubic tube may be placed using a Lowsley retractor or
a percutaneous suprapubic catheter set. The location of the
bladder neck on the anterior vaginal wall can be marked
at the level of the catheter balloon. Injection of normal
saline, or a 1% lidocaine + epinephrine solution, into the
anterior vaginal wall may facilitate dissection of the plane
between the vaginal mucosa and the bladder wall. An
estrogen cream- or antibiotic-soaked vaginal pack can be
placed postoperatively to encourage hemostasis. The pack
and catheter are usually removed within 24 hours, although
a urethral catheter may be left longer in cases of inadvertent
bladder injury or if there is a concern for prolonged urinary
retention.

Low-grade cystocele
Bladder neck/base suspension procedures. The goal
of these procedures is placement of suspension sutures to
support the anterior vaginal wall which will in turn stabilize
the bladder neck and base. By correcting the anterior vaginal
wall laxity, each technique corrects urethral hypermobility
whether there is associated stress incontinence or not.
Historically, all these types of procedures derive from the
Pereyra and Raz bladder neck suspension techniques, and
thus share common features.

FOUR-CORNER (RAZ) SUSPENSION
Technique. In the initial series described by Raz, an inverted
U-shaped incision was made in the anterior vaginal wall
with the apex of the U at the midpoint between the bladder
neck and urethral meatus," The dissection begins distally at
the level of the bladder neck and extends laterally towards
the undersurface of the pubic bone. The retropubic space
is entered to allow for passage of the suspension sutures.
On each side, two sets of nonabsorbable sutures are passed
through the vaginal wall 2-3 times in a helical fashion,
excluding epithelium. The distal sutures are passed at the
bladder neck and proximal urethra incorporating the ure-

thropelvic ligament, while sutures at the base of the incision
incorporate the underlying pubocervical fascia.

Then, through a small suprapubic incision, the sutures
are transferred retropubically and above the rectus fascia
using a double-pronged suture carrier. During passage of the
carrier, perforation of the anterior bladder wall may occur,
often not associated with any evidence of gross hematuria.
Therefore, cystoscopy is done to exclude bladder injury
and to visualize the bladder neck support upon lifting the
sutures. Following closure of the vaginal incision, the suspen
sion sutures are first tied independently, then to each other
on each side, then lastly to each other across the midline.

MODIFIED PROCEDURES: 1. The concept of broad-based
suture anchoring for improved support of the vaginal wall
in the four-corner suspension was introduced by Zimmern
and Leach." This modification incorporated findings by
Bruskewitz et aI, who demonstrated decreased suture pull
through using looped sutures over a greater cross-sectional
area in a rabbit model.'!

Technique. The inverted-U shaped incision of the four
corner suspension is modified into two parallel, longitudinal
incisions, which begin on each side of the bladder neck. The
retropubic space is entered and nonabsorbable sutures are
passed helically beneath the vaginal wall at the level of the
bladder neck distally, omitting the urethropelvic ligament.
Proximally, the cardinal ligament complex (if the uterus is
still present) or the vaginal cuff is incorporated in the
sutures. The four sets ofsutures are then transferred through
the retropubic space with a ligature carrier. The distal
sutures are anchored to the rectus fascia or pubic bone.F
while the proximal sutures are secured to the rectus fascia,
with all sutures tied with minimal tension.

MODIFIED PROCEDURES: 2. The six-corner suspension is a
further modification reported by Raz which uses a similar
incision and dissection to the four-corner suspension but in
this case, three sets of sutures are passed on each side: one at
the midurethra (incorporating the urethropelvic ligament),
one at the bladder neck, and one at the level of the cardinal



Figure19b.1 Anterior vaginal wall suspension (AVWS).
(A) Cystocele coming towards introitus at rest. Exposure is
facilitated by a Lone Star™ retractor and a weighted speculum. The
level of the bladder neck is marked transversely, and two oblique
incision lines delineate the lateral edges of the in situ anterior
vaginal wall plate. (8) On each side, two sets of permanent
suspension sutures (labeled) have been passed helically in the
vaginal wall to support a broad segment of the vaginal plate.
These sutures will then be transferred suprapubically under finger
tip guidance with a ligature carrier. (e) After tying the four
suspension sutures with minimal tension, the anterior vaginal wall
plate (still in dashed outline) appears well supported. Support of
the anterior vaginal wall will return the bladder neck and bladder
base to their normal anatomic position. (D) Preoperative standing,
voiding cystourethrogram (VCUG) with lateral view during
straining. Bladder base is seen to descend 5 cm below the
symphysis pubis (dashed line represents lower edge of pubis). The
angle of the urethra is noted over the catheter, and is
approximately 60° with respect to the vertical. (E) Postoperative
straining, lateral viewVCUG in same patient 6 months following
AVWS. The symphysis pubis is outlined. The urethral support and 199
bladder base have returned to normal.
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ligaments. The most proximal suture incorporates the
cardinal and uterosacral ligaments, which are thought to be
the strongest anchoring points. The sutures are then
transferred retropubically in an identical fashion, tied at the
level of the rectus fascia first, then tied to each other over a
1 cm fascial bridge."

ANTERIOR VAGINAL WALL SUSPENSION. Experience with
and principles learned from the techniques described above
led to the development of the anterior vaginal wall suspen
sion (AVWS). The AVWS incorporates suture placement
over a broad area of vaginal wall to prevent suture pull
through, and tightens the vaginal wall hammock by excising
vaginal flaps laterally to eliminate potential for recurrence
of midline cystocele.

Technique. The vaginal cuff (after hysterectomy) or anterior
cervical crease is tagged with three stay sutures (one midline
and two 1.5 cm lateral on each side). Two longitudinal
incisions are made in the anterior vaginal wall from just
lateral to the bladder neck to each lateral marking suture.
This leaves an in situ trapezoidal vaginal plate beneath the
bladder neck and bladder base to be used for support. The
plate dimensions, on average, are 2.5-3 cm in width distally,
3-4 ern in width proximally, and 4-8 ern in vaginal length.
The vaginal flaps lateral to the incisions are dissected off the
underlying bladder wall using low-current electrocautery to
minimize blood loss. These flaps correspond to the site of
the lateral defect and can be excised according to the degree
of redundancy.

The in situ vaginal plate is divided into four quadrants
with a marking pen. No.1 polypropylene sutures are passed
helically beneath the vaginal mucosa to incorporate a broad

segment of vaginal wall in each quadrant and then are tagged
separately (Fig. 19b.lB). Alternatively, a single set on each
side may be sufficient if the vaginal plate is short in length.
A 3 em transverse incision is then made one fingertip above
the pubis on the midline. The tendinous insertion of the
rectus fascia on the back of the symphysis pubis is exposed,
and the wound is packed with antibiotic gauze.

Returning to the vaginal incisions, the endopelvic fascia is
perforated and the retropubic space is entered on each side
using blunt dissection. Sharp dissection using Metzenbaum
scissors may be necessary if scar tissue is encountered from
prior repair. Once the retropubic space is free and with the
bladder fully drained, a double-pronged ligature carrier is
then passed under fingertip guidance from the suprapubic
incision down into the vagina. If four sets of sutures are
used, the carrier is passed twice on each side. After IV indigo
carmine is administered, cystoscopy documents that no
bladder or ureteral injury has occurred. The vaginal inci
sions are closed with running absorbable sutures (Fig.
19b.lC). Each suspension suture is clamped at least 2 ern

above the fascia with a rubber-shod right angle clamp, and
tied under no tension. Excessive tension is avoided by
vaginal examination, which confirms a flat plate anteriorly
with a posterior slant at the apex." Respecting the config
uration of the anterior and upper vagina may avoid second
ary vault prolapse or enterocele.

Results. Results of bladder suspension procedures are
summarized in Table 19b.2. Due to evolution of technique,
long-term data greater than 10 years are not yet available.
Results differ with regard to anatomic outcome, continence
status, and outcome measure (supine physical exam or
standing voiding cystourethrogram). Most studies have used
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Table 19b.2 Results of anterior suspension repairs for cystocele

Mean follow-up
Author (yr) n Type of suspension (mos) Recurrence definition Recurrent cystocele

Raz (1989)9 107 Four-corner 24 Physical exam 2%
(B-W ~rade 2)

Juma (199511~ 10 AVWS 30 PE (not defined) 10%

Dmochowski (1997110 47 Four-corner 37 PE (3rd party, ~rade 21, 40% (grade 1)
and VCUG (bladder 17% (grade 21
descent below pubic
bone)

Bai (2002121 42 Six-corner 12 PE (POP-Q<stage III 30%

Costantini (2002119 37 Four-corner 62 PE (B-W ~rade 21 0%
(preoperative grade 1,21
39%
(preoperative grade 31

AVWS: Anterior VaginalWall Suspension, B-W: Baden-Walker Halfway Classification System, PE: Physical Exam, VCUG:Voiding
Cystourethrogram, POP-Q: Pelvic Organ Prolapse Quantification, NR: Not Reported



a cystocele of Baden-Walker grade 2 (prolapse at the introi
tus with straining) or higher to define recurrence, though
physical examination by the author alone may be biased, as
reflected in one study noting a lower rate of success using an
independent examiner,'?

In one study by Showalter et ai, the lateral height of 52
patients with grade 1-2 cystocele was measured before and
after AVWS, noting statistically significant improvement in
lateral height on video cystourethrogram (VCUG) 3-6
months postoperatively." Representative pre- and post
operative VCUG images are provided in Figures 19b.1 D,E.
However, both physical examination and imaging modalities
suffer from the lack of a standardized and reproducible
technique for straining,"

Beyond the assessment of anatomic repair, issues regard
ing voiding function, sexual function, patient satisfaction,
and overall quality of life (QOL) were seldom addressed
in these studies. Based on a mailed questionnaire, Lemack
et al reported the number of women sexually active
following AVWS to be equal to those active preoperatively.
They noted a 20% rate of postoperative dyspareunia but this
was decreased from a preoperative rate of 29%.16 In regard
to patient satisfaction, at 37 months mean follow-up
Dmochowski et al reported 33/47 (70%) of women who
stated they would be willing to undergo the same procedure
again.10

Complications. The most frequent complications encountered
during bladder suspension procedures, namely bleeding
and bladder injury, are related to retropubic dissection and
needle passage. The reported transfusion rate following
transvaginal suspension is estimated at 3%.17 Unrecognized
suture passage through the bladder or urethra, or secondary
migration can result in stone formation over the exposed
suture and/or recurrent UTI. During cystoscopy, careful
inspection with a 70° lens may avoid this complication.

Voiding dysfunction following bladder suspension, either
de novo urgency and/or bladder outlet obstruction, may
occur in 5% of cases.17

Persistent suprapubic pain is uncommon and can be due
to sutures tied too tight over the rectus fascia or entrapment
of the genitofemoral nerve following passage of the carrier
too far lateral. In such cases, osteitis pubis should be consid
ered, particularly in cases using bone anchors. The exact
incidence of osteitis pubis is difficult to determine due to
a lack of consensus about its definition. IS Plain films may
be suggestive but often bone scan or MRI is necessary to
confirm the diagnosis.

Secondary vault and/or posterior compartment prolapse
has been reported at less than 10% in two series. 1O,19

Extrusion of suture through the vaginal wall, quoted at less
than 2%, is a minor complication, often asymptomatic and
usually requiring only local excision.l'r"

ANTERIOR COMPARTMENT REPAIR I

Abdominal and laparoscopic repair
BURCH COLPOSUSPENSION
Goal. First described by Burch in 1961 as a modification
of the Marshall-Marchetti-Kranz (MMK), the goal of this
procedure is to suspend the bladder neck and urethra by
several interrupted sutures secured to Cooper's ligament
bilaterally, thus restoring support to the distal anterior
vaginal wall. Although historically regarded as an anti
incontinence procedure, the Burch has been described as a
means of repairing a low-grade cystocele as well.

Technique. The colposuspension is commonly performed
through a short Pfannenstiel incision, often as an adjunctive
procedure to an abdominal hysterectomy or a mesh sacro
colpopexy. After the retropubic space is entered, the bladder
neck is identified by the Foley catheter balloon. A finger
or lubricated sponge clamp is placed in the vagina to tent
up the lateral wall. Usually 2-3 nonabsorbable or delayed
absorbable sutures are placed in the vaginal submucosa
on each side, lateral to the proximal urethra and bladder
neck. Cystoscopy confirms no injury to the urethra, bladder
neck or ureters. Each suture is transfixed through Cooper's
ligament before being tied. Elevation of the vaginal wall to
the level of Cooper's ligament was portrayed in Burch's
original drawings, but this resulted in an overcorrected
urethra and provoked secondary voiding difficulties. To
provide support without overcorrection, it is now common
to leave a suture bridge between the vaginal wall and the
ligament (Fig. 19b.2).

Results. The Burch procedure is traditionally employed for
the surgical repair of stress incontinence, but may be an
option as an isolated procedure for mild-to-moderate (grade
1-2) cystocele, particularly in the patient with a short
anterior vaginal wall." However, the Burch procedure may
be performed in conjunction with other prolapse repairs,

Figure 19b.2 Burch colposuspension/paravaginal repair. Cephalad
view of pelvis showing final support of bladder base and urethra
after placement of sutures in Cooper's ligament (Burch
colposuspension) and in ATFP (paravaginal defect repair).
(Modified with permission from Miklos JR, Kohli N. Urology
2000;56:64-69.37

)
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such as anterior colporrhaphy or paravaginal repair."
Results are summarized in Table 19b.3, which includes type
and number of adjunctive prolapse procedures, as well as
outcomes on continence.

LAPAROSCOPIC COLPOSUSPENSION. The retropubic
approach of the Burch lends itself to laparoscopic appli
cation of the open technique while avoiding the morbidity of
an abdominal incision.

Technique. A three-port approach is commonly used via
either a transperitoneal or extraperitoneal route. The
retropubic space of Retzius is first dissected free on each
side. As with the open procedure, nonabsorbable sutures are
passed through the vaginal wall at the level of the bladder
neck and proximal urethra. Once bladder or ureteral injury
is excluded by cystoscopy, the sutures are fixed to Cooper's
ligament and tied intra- or extracorporeally with a knot
pusher. To avoid excessive tension on the bladder neck,
elevation of the urethrovesical axis can be monitored
through the vagina during laparoscopic tying. Several
techniques for this have been published, including Q-tip
resr" and measuring the distance between the bladder neck
and superior symphysis pubis."

RESULTS. There is scant information regarding anatomic
outcome following laparoscopic Burch procedure, as most
series focus on continence alone. Although short-term data
have shown comparable outcomes to that of the abdominal
approach, long-term data on continence have not been as
promising.24.26McDougall et al noted that following laparo
scopic Burch, only 30% of 58 patients were completely
continent at a mean follow-up of 45 months," Complication
rates, however, have not been reported to be significantly
different from open repair,"

Complications. Bleeding from pelvic veins during retropubic
dissection or vaginal suture placement can lead to trans
fusion, with a rate of 5% quoted in a large literature
review." Proponents of the laparoscopic approach argue
that the pneumoperitoneum tamponades venous bleeding,
leading to decreased blood loss," Decreased bleeding during
laparoscopy, however, may be detrimental to retropubic scar
formation and may explain the lower continence rates
reported after laparoscopic Burch.

Overcorrection of the urethrovesical junction following
Burch colposuspension may lead to bladder outlet obstruc
tion with urinary retention or de novo urge incontinence.
Rates of postoperative urinary retention are similar to those
of transvaginal suspension procedures at 4-5%, while de
novo urgency or detrusor overactiviry after Burch procedure
has been reported to occur in 11-17 % of patients. I 7,29

Alteration of the anterior vaginal axis may expose the
apical and posterior compartments to rises in abdominal
pressure, thus predisposing to vault prolapse, enterocele
or rectocele. Secondary pelvic organ prolapse following iso
lated Burch urethropexy has been estimated at 18- 33%.29,30
Although posterior compartment defects (rectocele, entero
cele) are initially the most common, secondary anterior
compartment defects have been reported in longer follow
up series,"

PARAVAGINAL REPAIR
Goal. The goal of the paravaginal repair is to attach the
lateral vaginal wall to the arcus tendineus fascia pelvis
(ATFP) to correct a lateral defect." The procedure is most
often performed abdominally, though vaginal techniques
have been reported.Y"

Technique. The abdominal approach is similar to that
described for the open Burch colposuspension. The ATFP,
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Table19b.3 Anatomic and functional results of Burch colposuspenslon for cystocele repair

Mean follow- up
Author (yr) n (mo/yr) Adjunctive procedures Recurrence definition Recurrent cystocele

Sekine (1999)23 14 4Omo AC(6) No change on bead-chain 29% (Burch + AC)
cystogram at 3 months 50% (Burch only)

Colombo (2000)31 35 14.2 yr, RCT USLF (35), Culdoplasty PE (B-W ;;:grade 2) 34%
(17)

Lovatsis (2001)22 189 2.3 yr USLF (57), SCP (1) PE 36% (at 5 years)
(B-W grade 0)

Cugudda (2002)32 14 53mo AC (4) PE 11%
(Uno vaginal prolapse")

USLF: Uterosacral Ligament Fixation, PE: Physical Exam, AC: Anterior Colporrhaphy, B-W: Baden-Walker Halfway Classification System,
NR: Not Reported, RCT: Randomized, Controlled Trial



or "white line," is identified along the medial border of the
obturator internus muscle, extending from the posterior
pubic symphysis to the ischial spine on each side. Elevation
of the anterior vagina by the surgeon's finger may help
identify a discrete lateral detachment. A series of 4-6 inter
rupted, nonabsorbable sutures are passed through the lateral
vaginal wall to suspend it to the ATFP, starting distally in the
posterior pubourethral ligament and ending near the ischial
spine (see Fig. 19b.2).B The original series described the
middle suture on each side passing through Cooper's
ligament for additional support.

When performed using the vaginal approach, a midline
anterior vaginal wall incision is made from the bladder neck
to the vaginal apex. The dissection is carried out laterally
until the retropubic space is reached, then extended along
the inferior ramus of the pubis." A fiberoptic light source
is helpful for visualization of the retropubic space. The
obturator internus muscle is identified as well as the con
densation of the ATFP. A long, straight needle passer is
used to place a series of nonabsorbable sutures in the ATFP,
extending from just anterior to the ischial spine to the pubic
bone. Each suture incorporates the ATFP and fascia of the
obturator internus muscle and is left untied prior to passage
through the lateral periurethral fascia and vaginal wall.
Following cystoscopy as described previously, the sutures
are tied sequentially from distal to proximal, and the vaginal
incision is closed with running, absorbable sutures.

The laparoscopic paravaginal repair has been described
using a transperitoneal approach, and parallels that of the
open technique. Once the space of Retzius is entered and
bluntly dissected to expose the ATFP, the vaginal wall

ANTERIOR COMPARTMENT REPAIR I

is secured to the white line bilaterally using 2-4 nonab
sorbable sutures or mesh." If a colposuspension is being
performed for SUI, the paravaginal repair is completed
first to avoid overelevation of the Burch sutures at the
bladder neck."

Results. The anatomic outcomes following paravaginal repair
using different approaches are summarized in Table 19b.4.
Despite limited follow-up of a small number of patients,
most series report low recurrence rates for cystocele.
However, definitions of recurrence are vague or poorly
explained in many series, using only supine physical exami
nation for evaluation. Adjunctive procedures for concomi
tant SUI are common, as the paravaginal repair alone has not
demonstrated long-term, durable success for incontinence
in one randomized trial.35

,38

Complications. As with the Burch colposuspension, bleeding
requiring transfusion has been reported at between 0% and
16%,B-35 with lower rates for the laparoscopic approach.
Reported blood loss in series using the vaginal approach may
be slightly higher, though this has not been examined in
comparison to the abdominal approach.l':"

The bladder and ureters are susceptible to injury or
obstruction during passage of vaginal wall sutures at or
proximal to the bladder neck. This is relatively rare, as one
large series of 171 laparoscopic paravaginal repairs noted a
2.3% bladder injury rate with no cases of ureteral com
promise." Although not performed in the original series,"
cystoscopy has been described in later reports to help
recognize any urinary tract injury intraoperarively"

Table 19b.4 Anatomic and functional results of paravaginal repair

Mean follow- up Recurrent
Author (yr) n Approach (mos) Adjunctive procedures Recurrence definition cystocele

Shull (1989)33 149 Abdominal NR AC (7), "abdominal PE (no change from 5%
cystocele repair" (5)· preop B-W exam)

Bruce (1999)a 52 Abdominal 61 Rectus muscle sling PE (lateral defect 8%
(27) cystocele)

Shull (1994)41 62 Transvaginal 20 AC (62) PE (BoW~rade 2) 8%

ScottI (1998)- 40 Transvaginal 39 Burch (35) PE (No bulge or 9%
SCP (27) minimal descent, NY)
AC (27)

Young (2001)34 100 Transvaginal 11 AC (100) PE (B-W <grade 1) 2%
22% (midline)

Mallipeddi (2001)31 45 Transvaginal 20 ACIPC (45), SSLF (12) PE (B-W ~rade 1) 3%

Washington (2003)31 12 Laparoscopic 12 Culdoplasty (12) ABA on pop-a 18%

PE: Physical Exam, AC: Anterior Colporrhaphy, PC: Posterior Colporrhaphy, POP-Q: Pelvic Organ Prolapse Quantification, BW: Baden-Walker
Halfway Classification System, SCP: Sacrocolpopexy, NY: New York Classification System (similar to POP-Q), NR: Not Reported,
SSLF: Sacrospinous Ligament Fixation, i\BA: Change in Point of Greatest Descent on Anterior VaginalWall, *Done for Concurrent Midline Defects 203
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Secondary prolapse, particularly a midline cystocele
defect, is a concern as the focus of support is laterally, rather
than in the midline. Not surprisingly, a 22% midline cysto
cele recurrence was noted in one study. Concomitant
transvaginal midline plication was mentioned in several
reports. 35,39,41 Development of apical or posterior compart
ment prolapse following paravaginal repair is estimated at
between 2% and 11% in larger srudies.i':"

High-grade cystocele
ANTERIOR COLPORRHAPHY

Goal. The procedures listed thus far have addressed early
grade cystoceles generally due to lateral defects bilaterally.
Closure of the central defect through which the bladder base
is herniating is the goal of the Kelly type plication, which is
the most practiced form of anterior colporrhaphy (AC).
Although generally indicated for large cystocele repair, a
limited colporrhaphy, particularly at the bladder neck, has
been used as a primary repair for stress incontinence.

Technique. A midline anterior vaginal wall incision is made,
starting at the bladder neck and extending to the vaginal
apex in the posthysterectomy patient. Two lateral flaps are
elevated off the bladder wall to expose the midline defect
beneath the bladder base. If the hernia is easily reducible, it
is repaired with a series of interrupted, Lembert or purse
string absorbable suture(s) to plicate the pubocervical fascia

over the midline (Fig. 19b.3).43 Some authors have not found
this to be a discrete fascial layer, but rather a fibromuscular
layer of the vaginal wall itself.32.44 In larger hernias, in older
patients with weak tissues or in patients undergoing simul
taneous lateral defect repair, identification of this tissue and
satisfactory midline plication may be challenging.

Cystoscopy is recommended, as direct injury or overpli
cation of the trigone can obstruct one or both ureters. In
addition to visualizing bilateral ureteral efflux, the bladder
neck and urethra should be carefully examined to exclude
significant distortion, which may result in bladder outlet
obstruction. Depending on the degree of known or expected
sexual activity, redundant vaginal mucosa is excised before
the midline vaginal incision is closed with running
absorbable sutures.

Variations of this technique include the "goalpost" tech
nique, during which two parallel, longitudinal incisions are
made on each side of the midurethra to 1 cm proximal to
the bladder neck (the posts)." Then, a crossbar incision is
created by connecting the proximal ends of the posts, fol
lowed by a midline incision from the midpoint of the
crossbar to the vaginal cuff or anterior cervix (Fig. 19b.4).
This incision allows for a combined bladder neck suspension
(lateral support) and anterior colporrhaphy (midline sup
port). The parallel incisions create a short distal vaginal
plate, which is suspended as previously described for the
four-corner suspension and acts as a support for the bladder

204 Figure19b.3 Anterior Colporrhaphy. After reduction of the cystocele superiorly, sutures are placed to close the central herniation (A) by
reapproximating the pubocervical fascia over the midline (B). (Reproduced with permission from RazS, et al. J Urol 1991;146:988-992.46 )



Figure 19b.4 Goalpost incision for large cystocele. Anterior vaginal
wall incision ("goalpost") for combined bladder neck suspension
and anterior colporrhaphy in repair of large cystocele with urethral
hypermobility. (Reproduced with permission from Safir M, et al.
J Urol 1999;161 :587-594.45)

neck and proximal urethra. The midline posterior incision
allows access to the pubocervical fascia for midline plication
to support the bladder base.

Results. Basedon physical examination alone, often performed
by the authors themselves and using different staging sys-

ANTERIOR COMPARTMENT REPAIR I

terns, the anterior colporrhaphy appears to yield a moderate
rate of cystocele recurrence, ranging from 3-43% (Table
19b.5). Nonetheless, most series examine small populations
retrospectively and rarely extend beyond 2 years. One
randomized controlled trial has shown AC to be superior to
the Burch procedure for repair of the grade 2-3 cystocele."
Adjunctive anti incontinence procedures are common in
several reports, although one study suggests that cystocele
recurrence rates may be higher when a concomitant bladder
neck suspension is performed, compared to AC alone."

Complications. Ureteral injury, via kinking of the intramural
ureters medially or direct ligation, is rare and recognizable
by performing an intraoperative cystoscopy to confirm
ureteral patency. If ureteral obstruction or injury is sus
pected, the plicated fascia should be reopened and bilateral
efflux confirmed by cystoscopy. On occasion, ureteral stents
may be necessary to complete the operation safely.

Tight plication of the cystocele too far distally runs the
risk of obstructing the bladder neck, leading to voiding
dysfunction and possibly urinary retention requiring pro
longed catheterization, which has been reported in 2-3% of
cases.4M 7 Ischemic necrosis of these tissues may result in the
rare but distressing complication of vesicovaginal, uretero
vaginal or urethrovaginal fistula.

Vaginal narrowing following tight anterior plication can
significantly compromise sexual function postoperatively.
To ensure adequate vaginal caliber at completion of the
case, the introitus should accommodate three fingerbreadths,
estimated at 10-12 cm in diameter, which is considered
adequate for intercourse."

Secondary complications include midline cystocele
recurrence and stress incontinence. In the case of an

Table 19b.S Outcomes for anterior colporrhaphy

Mean follow-up
Author (yr) n (mo/yr) Adjunctive surgery Recurrence definition Recurrent cystocele

Raz (1991)48 46 34mo Four-corner suspension (46) PE (B-W grade ~) 7%

Kohli (1996)" 27 13 mo AC alone PE (B-W grade ~1) 7%
40 13 mo AC+ BNS 32%

Cross (1997)a 36 20mo Pubovaginal sling PE (B-W grade~1) 8%

Colombo (2000)31 33 13.9 yr, RCT AC vs Burch; PE 3%
USLF, PC (grade 2-3 cystocele)

Sand (2001)50 70 12 mo, RCT AC alone vs AC + mesh PE (B-W ~grade 2) 43%

Weber (2001 )47 33 23 rno, RCT AC alone vs AC + mesh PE (POp-a ~stage II) 30%

Cugudda (2002)32 18 53 mo Burch (5) VCUG (not defined) 17%

deTayrac (2002)51 28 36mo None PE (not defined) 7%

B-W: Baden-Walker Halfway Classification System, BNS: Bladder Neck Suspension, RCT: Randomized, Controlled Trial, USLF: Uterosacral
Ligament Fixation, PC: PosteriorColporrhaphy, NR: Not Reported 205
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unrecognized lateral defect preoperatively, the midline
plication may, in fact, aggravate the lateral detachment and
cause a secondary cystocele recurrence." Occult stress
incontinence may be unmasked in 8-22% of patients
following repair of a high-grade cystocele."

NONSYNTHETIC GRAFT INTERPOSITION
Goal. The high recurrence rate seen after primary repair for
large cystocele has prompted a search for tissue interposi
tion. Cadaveric dermis or fascia lata, as well as graft mate
rials from nonhuman species (xenograft), have been used for
large cystocele repair, alone or in combination with
pubovaginal sling.

Technique. The approach is similar to the anterior colpor
rhaphy, using a midline vaginal incision from the midurethra
to the apex or anterior cervix. The bladder and urethra
are dissected off the anterior vaginal wall and mobilized to
perforate the endopelvic fascia on each side and enter the
retropubic space." A single 6 x 8 ern patch of graft material
can be configured into a T'-shape, using the narrow distal
portion to support the bladder neck and urethra, while the
"cross" of the T is used to support the bladder base. Graft
size may vary depending on patient anatomy and surgeon
preference. The corners of the graft are folded on them-

selves to prevent suture pull-through, and the sling portion
is secured with bone anchors attached to nonabsorbable
surures.I' The base of the patch is secured to the medial edge
of the levator muscles bilaterally with absorbable sutures"
or to the ATFP with interrupted delayed-absorbable sutures
to correct the cystocele." The midline vaginal incision is
closed after cystoscopy with indigo carmine is performed to
exclude urinary tract injury.

Results. The vast majority of the published data on grafts for
cystocele repair originate from case series, with relatively
short follow-up. The success of the tissue interposition is
partially credited to surrounding tissue ingrowth which
further stabilizes the repair, and early reports show promise
(Table 19b.6). However, these results are confounded by
varying surgical techniques, graft material used, and defi
nitions of failure. Long-term data on the durability of
cadaveric or xenograft tissue have yet to be generated.

SYNTHETIC REPAIR. The advantages of synthetic material
(mesh) over other grafts include decreased cost and elimi
nation of the concern for viral or proteinaceous particle
transmission. However, as with any nonautologous tissue, the
risk of infection or erosion is higher, and the impact of the
use of synthetics on voiding, defecatory or sexual function
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Table19b.6 Outcomes of cystocele repair with nonautologous (graft, synthetic) material

Mean follow-up
Author n Material (mos) Recurrence definition Recurrence rate

Julian (1996)65 12 Marlex mesh 24 PE (B-W ~rade 2); 0%
two examiners

Safir (1999)46 112 Polyglycolic acid* 21 PE (B-W >grade 2) 8%

Sand (2001)50 73 Polyglycolic acid* 12,RCT PE (B-W >grade 2) 22%

Weber (2001)47 35 Polyglycolic acid* 23.3, RCT PE (point Aa at stage 0 or I) 58%

Groutz (2001)58 21 Cadaveric fascia lata 20.1 PE ("recurrent prolapse") 0%

Kobashi(2002)53 172 Cadaveric fascia lata 12.4 PE (B-W ~rade 1) 12.9%

Chung (2002)57 19 Cadaveric dermal 28 PEor fluorourodynamics 11%
allograft

Powell (2004)58 58 Cadaveric fascia lata 24.7 PE (POflQ ~age II) 19%

Gomelsky (2004)54 70 Porcine dermal 24 PE (B-W ~rade 2) 8.6%
xenograft (Pelvicoll (grade 2)

4.3%
(grade 3)

Leboeuf (2004)58 19 Porcine dermal 15 PE (B-W ~ grade 2), 15%
xenograft (Pelvicoll SEAPI test

PE: Physical Exam, B-W: Baden-Walker Halfway Classification System, POP-Q: PelvicOrgan Prolapse Quantification, RCT: Randomized.
ControlledTrial, *Absorbable (Vicryl) mesh



has not yet been studied. A "tension-free" technique has
been advocated by some to minimize the risk of erosion or
secondary enterocele."

Recent data have emerged on mesh selection based on
ultrastructural properties, with fewer complications noted
for type I meshes (e.g. Marlex, Prolene), which are macro
porous (>75 Il pore width) and allow bacteria as well as
macrophages into the spaces.61

,62 Multifilamentous mesh
contains interstices < lOll wide, which may harbor bacteria,
restrict macrophage entrance, and lead to higher infection
rates.

While reports of synthetic material in the vaginal repair
of cystocele are emerging, much remains unknown regard
ing long-term outcomes. In light of the scarcity of data that
exists at this time regarding the safety and efficacy of syn
thetic materials, one must proceed with caution in the use of
mesh for vaginal repair of cystocele outside the setting of a
controlled, randomized trial."

Lastly,two recent randomized trials, looking at the role of
an absorbable mesh in cystocele repair, deserve specific
mention. Weber et al randomized 109 patients to AC with or
without absorbable Vicryl mesh, and found no statistically
significant improvement in recurrence rate (defined as point
Aa or Ba at stage II (-1 cm or lower) unchanged or worse
from preoperative staging) or symptom resolution between
the two groups at 23 months follow-up." However, at 1 year
follow-up, Sand et al found a significant decrease in
cystocele recurrence (defined as descent to the midvaginal
plane or hymenal ring) in 160 women randomized to AC
with polyglactin mesh versus those who underwent AC
alone." However, this difference in outcomes may be related
to a stricter definition of recurrence followed in the former
study.

VAGINAL VAULT PROLAPSE REPAIR
Vaginal vault prolapse (VVP) may present in conjunction
with uterine prolapse or years following hysterectomy as a
vaginal mass or bulge, often asymptomatic. In the presence
of a coexisting anterior or posterior compartment prolapse,
there may be associated voiding or defecatory dysfunction.
The indications for surgical intervention are dictated mainly
by patient symptomatology, severity, and degree of sexual
activity, though some women may choose a nonoperative
approach, such as pessary placement, when it is effective.

The vaginal approach is usually the first option consid
ered, as it is associated with decreased morbidity and faster
recovery. This is particularly relevant in the older woman
(>65 years), who is more likely to present with this con
dition. Vaginal mucosal ulceration associated with long
standing, high-grade vault prolapse mandates a vaginal
approach, and local estrogen therapy should be administered

VAGINAL VAULT PROLAPSE REPAIR I
for +-6 weeks preoperatively to improve tissue quality.
Abdominal repair may be offered as a primary procedure in
younger patients, those with a foreshortened vagina or as a
secondary procedure in those who have failed prior vaginal
repair," The desire for uterine preservation in the younger
woman, and uterine size or other pathology in those
undergoing hysterectomy, may also influence the surgical
approach.

Vaginal repair. All vaginal repair procedures address
apical prolapse by plication of or fixation to surrounding
structures to restore normal vaginal axis, position, and func
tion. Historically, the McCall culdoplasty was the first
technique described for repair of vault prolapse, and it is still
in use today.

MCCALL (MAYO) CULDOPLASY

Goal. In the initial series, this technique was described as an
adjunct to the vaginal hysterectomy to obliterate the pouch
of Douglas by a series of continuous sutures to correct an
enterocele, and support the vaginal apex." It is most
commonly used today to prevent enterocele formation after
vaginal hysterectomy.

Technique. A midline vaginal incision is made from the apex
posteriorly. The enterocele sac is identified and inverted.
With the patient in Trendelenburg position, a nonab
sorbable suture is passed 2 ern above the cut edge of one of
the uterosacral ligaments, which can be tagged at the time
of hysterectomy. This same suture is passed several times
through the redundant enterocele sac, then through the
contralateral uterosacral ligament. An additional 2-3 inter
rupted sutures are passed in similar fashion and held without
tying. Between these sutures, a series of through-and
through absorbable sutures including the uterosacral liga
ments and vaginal wall are placed, with the highest suture at
the vaginal apex to preserve vaginal length. The upper third
of the vagina is ultimately supported in a presacral position
over the levator plate.

Results. A large series from the Mayo Clinic of 693 patients
operated on for vault prolapse with a minimum 5-year
follow-up showed durable success with good support
throughout the vagina in 89% and secondary anterior or
posterior prolapse requiring repair in 6%.66

Complications. The risk of ureteral obstruction or injury with
this procedure is not mentioned in the original series but is
a concern, particularly with placement of the highest suture
in the vaginal apex. Comiter et al reported one ureteric
obstruction in 104 patients who underwent transvaginal
culdosuspension using a similar technique."
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SACROSPINOUS LIGAMENT FIXATION

Goal. The goal of the sacrospinous ligament fixation (SSLF),
first described by Richter in 1968,68 is to use the sacrospinous
ligament, which extends from the sacrum to the ischial spine,
as an anchoring point to suspend the vaginal apex.

Technique. If a hysterectomy or other prolapse repair is
required, this is performed first. The posterior vaginal wall
is incised in the midline over the entire prolapse segment.
Blunt and sharp dissection is used to perforate the right
prerectal fascia for a right-handed surgeon in a unilateral
repair. The sacrospinous ligament is palpated as a cord-like
structure within the body of the coccygeus muscle. Access to
the ligament may require a headlight or fiberoptic lighted
tip suction catheter, and/or Breisky-Navratil retractors to
retract the peritoneal contents superiorly and the rectum
medially."

The challenge of suture passage into the ligament deep in
the pelvis has led to the development of special instruments,
some of which rely on direct vision of the area, including the
Miya hook and the Deschamps ligature carrier. The Capio
device is a laparoscopic instrument that relies on finger
guidance for suture passage." In all cases, 1-2 nonabsorbable
sutures are passed from top down into the ligament two
fingerbreadths medial to the ischial spine." Important struc
tures to avoid include the sciatic nerve and pudendal nerves
and vessels, which are found superolateral and posterior to
the sacrospinous ligament (Fig. 19b.5).

Figure 19b.S Sacrospinous ligament fixation. Illustration
demonstrating the sacrospinous ligament and surrounding
vascular and neural structures at risk for injury during suture
placement in the sacrospinous ligament fixation procedure.
(Reproduced with permission from Cespedes RD. Urology
2000;56:70-75.7' )

The sutures are then passed through the vaginal
submucosa and tied outside the vagina prior to excision of
redundant vaginal wall and closure. If the knot cannot be
safely tied outside the vagina, slow-absorbable sutures may
be used. The distance between the vaginal wall and the liga
ment often precludes tying these fixation sutures without
tension. Ideally, the vaginal apex is tied flush to the ligament
but if vaginal length does not allow for tying without
tension, a suture bridge is left. Interposition of a local vaginal
strip to avoid this problem has been reported." Bilateral
fixation has been reported but is technically challenging due
to the risk of excessive tension on the vaginal cuff," and in
one prospective study was able to be completed in only
26/40 (65%) of patients with uterine or vault prolapse."

Results. Results from several series with varying lengths of
follow-up are summarized in Table 19b.7. In most published
reports, vault prolapse was associated with prior hysterec
tomy and tended to be high grade with multiple associated
prolapse defects. Recurrence rates are based on physical
examination alone with differing definitions. In one prospec
tive randomized trial, the SSLF matched the mesh sacro
colpopexy results for repair of vault prolapse, although the
appearance of secondary prolapse in other compartments
was slightly higher for the SSLF.74

Complications. Vascular injury, particularly to the inferior
gluteal and pudendal vessels which are located superior and
behind the ligament, may lead to transfusion, with rates
ranging from 0.6% to 16%.75-78 In one study, mean blood loss
with the SSLF procedure was reported to be higher than for
sacrocolpopexy or uterosacral ligament fixation."

Neural injury or entrapment following SSLF should be
suspected if a patient complains of gluteal pain or numbness
postoperatively. The incidence is not uniformly reported but
has been estimated to occur in 2-7% of procedures.i':" In
the majority of cases, symptoms are transient and can be
managed conservatively.

The occurrence of secondary cystocele after SSLF has
been reported in up to 20% of cases. This may be due to
excessive posterior deviation of the vaginal axis, opening the
anterior vaginal wall to rises in intraabdominal pressures.
Following SSLF in 122 women, Nieminen et al noted recur
rent prolapse in 26 (21%), 10 of which were symptomatic,
with the most common prolapse being cystocele in 14
(11%).80 Of these, six patients (5%) were reoperated for
prolapse. However, one retrospective review of a large cohort
of patients suggested that SSLF by itself is not associated
with an increased risk of de novo cystocele compared to
those who underwent other prolapse repairs without SSLF
or anterior repair,"

With regard to sexual function, the majority of the data
rely on a small subset of patients, as women undergoing
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Table 19b.7 Results for sacrospinous ligament fixation for vaginal vault prolapse

Mean FlU Recurrence
Author (Vr) n (mos) Adjunctive Procedures Definition of Recurrence (%)

Richter (1981)84 81 NR None PE (Mideal results" -no other 36%
prolapse)

Morley (1988)78 100 8,4.3Vr* AC (7), PC (30), AC + PE (objective), postal questionnaire 4%
PC (30) (subjective)

Cespedes (2000)71 28 17 AC (28), rectocele (28), PE (B-W grade 1) 4%
enterocele (28), PVS (25)

Giberti (2001)85 12 16 AC (8), PC (9), enterocele (1) PE (not defined) 8%

Nieminen (2001)n 25 33 AC (23), PC (16) PE (B-W ~grade 2) 11%

Cruikshank (2003)75 173 43 AC(15) PE (mild, moderate, severe) at rest 12.7%
221 AC (43), PC(22), PVS(75) PE (B-W at rest + Valsalva, no 5%

grade defined)
301 AC (75), PC (61), PVS (76), PE IICS) 1%

PVR (78)

Maher (2004)74 48 22, RCT PC (44), enterocele repair (28) PE (B-W ~grade 1) 31%

Silva-Filho (2004)78 158 64 None PE (B-W <grade 2) 2.5% vault
11%total

AC: Anterior Colporrhaphy, PC: Posterior Colporrhaphy, PVS: Pubovaginal Sling, PVA: Paravaginal Repair, PE: Physical Exam, B-W: Baden-
Walker Halfway Classification System, ICS: International Continence Society Classification, RCT: Randomized, Controlled Trial, *Objective
Follow-Up 8 Months, Questionnaire Follow-Up 4.3 years

repair of vault prolapse tend to be older and less active
sexually. The quoted incidence of new-onset dyspareunia
ranges from 2.4% to 9%.80,82 Total vaginal length has not

been shown to be significantly decreased after SSLF,
although there is evidence that vaginal length after mesh
sacrocolpopexy is better maintained/" Nevertheless, the
relationship between vaginal length and sexual function has
not yet been clarified."

UTEROSACRAL LIGAMENT FIXATION
Goal. This procedure uses the same principle as the SSLF to
suspend the vaginal vault at a fixed point, in this case the
uterosacral ligament, which is located medial and cephalad
to the ischial spine and sacrospinous ligament.

Technique. A midline vaginal incision over the entire vaginal
wall overlying the prolapsed segment is made after stay
sutures are placed in the vaginal cuff. The uterosacralliga
rnents can be identified in a retroperitoneal position on each
side of the rectum. After dissection of the enterocele sac, a
No.1 nonabsorbable suture is passed through a thin portion
of the peritoneum and uterosacral ligament on each side."
Visible movement of the proximal portion of the ligament
assures secure and accurate placement of the suture. One
end of each suture is passed anteriorly through peritoneum,
pubocervical fascia, and vaginal epithelium, while the free
end is passed through peritoneum, rectovaginal fascia, and

vaginal epithelium posteriorly with a Mayo needle. These
can be left untied until all other repairs are completed. After
tying the fixation sutures, cystoscopy is performed to
exclude bladder injury and/or ureteral ligation. The vaginal
wall is then closed with running, absorbable sutures.

Results. Cure rates for this procedure range from 67% to
90%.69 Amundsen et al reported a mean improvement in
vaginal cuff position by 7.3 cm (point C on the POP-Q
system from -1.7 to -9.0 ern), with a 6% recurrence of stage
II vault prolapse and 12% rectocele rate at 28 months. Shull
et al followed 289 patients and found a 13% and 5% grade 1
and 2 vault prolapse recurrence, respectively." Follow-up
was short, however, with a mean of 12 months in those who
did not recur and 25 months in those who did. Comiter et al
reported an overall recurrence rate of 4% at 17.3 months
follow-up."

Complications. The ureters traverse the pelvis very close to
the lowest, or cervical, portion of the ligaments and are
at risk for injury or ligation during suture passage. This
has been reported in 1.5-11 % of cases 79

,86,87 and must be

excluded by cystoscopy as previously described. Any
concern should prompt removal of one or both suspensory
sutures with reevaluation or retrograde ureterogram. More
extensive injuries may require ureteroneocystostomy. As the
suspension suture is placed more proximally towards the
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sacrum, the risk of ureteral injury is lower, though this
carries the drawback of decreased ligament strength."

As with the sacrospinous fixation, one should be wary
of hemorrhage from pelvic vessels, although the reported
transfusion rate is low, ranging between 0% and 3%.67,69,86

Sexual function following this procedure has not been
studied extensively, though the limited data suggest ade
quate preservation of function. Amundsen et al did note a
decrease in total vaginal length by, on average, 0.9 ern
following uterosacral fixation but found no cases of new
onset dyspareunia in a subset of sexually active women."

LEVATOR MYORRHAPHY
Goal. The principle behind this method is to recreate the
anatomy of the upper vagina resting over the levator muscle

complex (Fig. 19b.6A). This technique rebuilds a strong
levator plate, which acts as a broad base of support for the
vaginal vault, and closes the midline defect to prevent
subsequent enterocele formation.

Technique. A betadine-soaked gauze is inserted in the rectum
and isolated from the rest of the field. After infiltration with
saline, a midline vaginal incision is begun at the vaginal apex
and extended over the vaginal bulge towards the introitus.
Lateral vaginal flaps are elevated from the underlying
enterocele sac and rectocele as identified by the preplaced
rectal pack (Fig. 19b.6B).

Starting 3 cm above the junction of the levator and
rectum, the levator muscle is reapproximated over the
midline using large absorbable sutures." The most distal

Figure 19b.6 High-midline levator myorrhaphy (HMLM) repair.
(AIThe enterocele sac is closed prior to placing the extraperitoneal
levator myorrhaphy sutures. (B) Before closing the vaginal apex,
the HMLM sutures are transfixed from inside-out to secure the
vault to the repaired levator plate. (e) Sagittal view demonstrating
final position and posterior angulation of the vagina after levator
myorrhaphy. Continued



suture is placed first, proceeding proxima~and posteriorly
along the levator plate (Fig. 19b.6C~ -These are tied in
sequ~nce ff(~m distal to proximal; these sutures can be
placed intraperitoneally before closure of the enterocele sac
or, ifthe sac is dissected and not entered, they can be placed
extraperitoneally (Fig. 19b.6D). Formal repair of the entero
cele is discussed later in this chapter. After closure of the sac
and tying of the sutures, cystoscopy is performed to verify
ureteral patency." Cystoscopy is recommended also for the
extraperitoneal technique of levator myorrhaphy although it
is recognized that the risk of ureteral injury is very much
lower.

After completion of the posterior repair and perineor
rhaphy when indicated, each high levator myorrhaphy
suture is transfixed from inside out through the uppermost
portion of the posterior vaginal wall using a free Mayo

VAGINAL VAULT PROLAPSE REPAIR I

Figure 19b.6, cont'd (0) Extraperitoneal HMLM showing upper
vault suspension procedures at vaginal apex (above), and after
vaginal wall closure following a traditional posterior colporrhaphy
repair (below). (E) Final view of repaired posterior vaginal wall
after closure of vaginal mucosa. (F) Intraoperative pelvic view of
high-midline levator myorrhaphy, with edges of levator muscles
identified after midline reapproximation.

needl~ (Fig. 19b.6D,E). This maneuver will anchor the
'vagina vault to the rebuilt levator plate underneath it by
direct tissue apposition. These sutures are left on stay
lclamps. Redundant vaginal flaps are excised according to
qegree of patierlr sexual activity and the vaginal incision is
tlosed from the ~pex down with a running absorbable suture
(Fig. 19b.6F). Then the levator myorrhaphy sutures are tied
down on each side of the apex (vaginal apices) and the
vagin.:"is packed with an antibiotic-soaked gauze.

ReslJits. The first 5-year data on this technique were pre
sented in 1994 on a series of 22 patients for traction
enterocele or vault prolapse, with a mean follow-up of 29
months." No recurrent enterocele was observed. In a single
center review of 47 women who underwent levator myor
rhaphy for vaginal vault prolapse, Lemack et al noted 211
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recurrent prolapse requiring reoperation in five (11%)
patients at a mean foIlow-up of 27.9 months." By telephone
interview, 17/23 (74%) reported extreme satisfaction
(>90%) with the procedure. Four of these patients (9%) had
undergone at least one prior reconstructive surgery for vault
prolapse. Cespedes et al followed 136 patients with grade
2-4 vault prolapse and reported recurrent grade 1 vault
prolapse in five patients, resulting in a cure rate of 96% at a
mean foIlow-up of 29 months."

Complications. As with any prolapse repair, hemorrhage and
ureteral injury can occur. Ureteral injuries were noted in
7/120 patients (5.8%) over a lO-year period, with five being
recognized intraoperatively and managed with removal of
one suture." Complications unique to the levator myor
rhaphy include rectal injury, pain with defecation, and
sexual dysfunction. In a telephone interview of 36 patients,
14 reported themselves to be sexuaIly active, with 11 of these
(79%) reporting no discomfort during intercourse."

COLPOCLEISIS
Goal. The techniques thus far described are reconstructive,
designed to restore the original anatomy and position of the
vagina. Elderly patients who are no longer sexually active
and may not tolerate prolonged anesthesia for a recon
structive repair may be offered an obliterative procedure.
The Le Fort colpocleisis is designed to correct high-grade
prolapse through vaginal closure (Fig. 19b.7).92

Technique. With the patient in high lithotomy posinon, a
superficial circumscribing incision is made through the
vaginal mucosa at the base of the prolapse at a level adjacent
to the hymenal ring." The edges of the mucosa are grasped
with Allis clamps and stripped off the underlying fascia

using blunt and sharp dissection. Once hemostasis is
obtained, the anterior and posterior fascias are approximated
with absorbable sutures. To reduce the entire protruding
mass, these sutures are passed through the endopelvic fascia
(which may be difficult to identify), either in a sequential
purse-string fashion or foIlowing an interrupted antero
posterior direction.

Results. Success rates for colpocleisis in regard to prolapse
correction range from 97% to 100% at short-term follow
Up.92-95 The patient population undergoing colpocleisis for
vaginal eversion are often elderly and long-term data are
unavailable as many patients are lost to foIlow-up or die
during the foIlow-up period.

Abdominal repair
ABDOMINAL MESH SACROCOLPOPEXY
Goal. The mesh sacrocolpopexy (MSC) is designed to
correct vault prolapse but may be performed in conjunction
with repair of a high-grade cystocele or a posterior com
partment defect (enterocele or rectocele). The MSC can
be chosen as a primary procedure or performed in women
who have failed prior vault suspension procedures or other
prolapse compartment repairs.

Technique. The patient is placed in low lithotomy position to
allow vaginal and cystoscopic access. After the bowel
contents are packed away to expose the pelvis, the posterior
peritoneum is incised over the right ureter lateral to the
sacral promontory and medial to the common iliac vessels.
The ureter is isolated and can be placed on a vessel loop for
identification. A broad peritoneal flap is raised up from the
level of the promontory down to the vaginal cuff to facilitate
closure over the mesh at the end of the procedure. A lubri-

212
Figure19b.7 Colpocleisis. (A) Complete vaginal vault prolapse with vaginal wall ulcerations (labeled) in a posthysterectomy 94-year-old
woman. (B) Following excision of vaginal wall lining, the completed colpocleisis shows reduction of prolapse with foreshortened vagina.



cared sponge clamp or vaginal dilator is helpful to elevate
and mobilize the vaginal cuffduring dissection of the rectum
off the posterior vaginal wall.

To correct an associated high-grade cystocele, the vesico
vaginal space must be entered.96,97 This is quite possibly the
most critical part of the procedure, as any perforation of the
bladder or vagina may preclude mesh placement or pre
dispose the patient to secondary infection or erosion. The
plane between the vagina and bladder may be difficult to

identify after a previous repair, such as an anterior colpor
rhaphy. The dissection of the bladder base from the anterior
vaginal wall must be carried down to, but not beyond, the
level of the interureteric ridge. After indigo carmine is
administered intravenously, cystoscopy is performed to

exclude bladder or ureteral injury.
Next, the sacral promontory is exposed, with care taken

to avoid the middle sacral artery and the iliac vessels, and
1-2 nonabsorbable sutures are placed through the anterior
common vertebral ligament. These pre-placed sutures will
be secured at the upper edge of the mesh once it has been
secured to the vagina.

A rectangular segment of Mersilene or Marlex mesh is
soaked in antibiotic solution and measured to a length that
will reach the promontory without tension (Fig.19b.8A). The
mesh is generally secured with interrupted sutures that are
passed shallow through the outer layer of the vaginal wall. In
one series, the rate of erosion was higher with full-thickness
suture passage in the vaginal wall." Closure of the peri
toneum over the mesh is paramount to avoid complications
from direct contact between bowel and mesh (Fig. 19b.8B).99

When the uterus is still present, the choice of using mesh
may be limited by the risk of vaginal erosion when securing
a synthetic material to a freshly closed vaginal cuff after the
hysterectomy. Uterine preservation in the younger patient
who still wants to bear children can be accomplished by
hysteropexy using an anterior and posterior limb of mesh
secured to the vaginal wall and passed through each broad
ligament of the uterus.'?" Leaving a cervical stump to which
to secure the mesh is another option to minimize the risk of
mesh infection. However, both techniques require the
patient to continue lifelong surveillance for potential future
cervical or uterine malignancies.

RESULTS. Abdominal sacrocolpopexy has proven to be a
durable repair in several studies, with a success rate of
78-100%.101 LeFranc et al reviewed 85 cases over a median
length of 10.5 years and found only two patients with vault
prolapse recurrence.l'" Fox et al quoted a 27% postoperative
vault prolapse incidence in 29 women who underwent MSC,
although all were designated as grade I by International
Continence Society (ICS) srandard.l'" Two studies, one
randomized comparing MSC to sacrospinous fixation,
reported higher success rates with the MSc.74,104

VAGINAL VAULT PROLAPSE REPAIR I

In the situation of uterine preservation, recurrent pro
lapse following sacrohysteropexy has been reported at
between 0% and 7%.100,105,106 However, these results were

reported from small series, with 3-30 patients, with only one
having a mean follow-up of>16 months.

Although the mesh sacrocolpopexy can be combined
with antiincontinence procedures, most commonly a Burch
colposuspension, there does appear to be a slightly higher
rate of postoperative incontinence and posterior vaginal
prolapse after combined interventions.Y''" This observation
suggests the MSC may provide enough support to the
anterior vaginal wall, and additional bladder neck suspension
procedures may abnormally alter the vaginal axis.

Figure 19b.8 Intraoperative views of completed mesh
sacrocolpopexy. (A) Marlex mesh secured to sacral promontory
and vaginal cuff with sigmoid colon retracted laterally by the
forceps (labeled). (8) Closure of peritoneum over Marlex mesh,
with the sigmoid colon now returned to its normal position.
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LAPAROSCOPIC SACROCOLPOPEXY
Technique. The steps of open sacrocolpopexy have been
reproduced by laparoscopy. A four-port approach is most
commonly used, with a 10 mm umbilical port, two 5 mm
ports lateral to the rectus abdominis muscles and 3 ern
medial from the anterior superior iliac spine, and a 10 mm
port in the suprapubic position.l'" If a hysterectomy is
performed in the same setting, the uterus can be delivered
through an extended abdominal or vaginal incision.

The vesicovaginal and rectovaginal spaces can be dis
sected to receive a V-shaped piece of Marlex or Mersilene
mesh with a single arm extending to the presacral ligament.
The mesh can be secured to the presacral ligament with
staples or a tacker, as suture passage in the promontory
with laparoscopic instruments may be challenging.'?" If the
uterus is being preserved, the mesh can be passed between
the uterus and bladder. Similar to the open approach, the
peritoneum is closed over the entire mesh to protect the
enteric contents from the mesh.

Results. As the laparoscopic experience for prolapse repair
is still limited, there are few long-term data duplicating
the durable outcomes seen with the abdominal MSC.
Success rates in series with short-term follow-up have
been comparable to open repair, ranging from 84% to
94%.99,108,109 Antiphon er al noted higher failure rates in all
categories of prolapse when a single anterior mesh wasused,
as opposed to dual anterior-posterior meshes."

Complications. Vaginal erosion is a concern in any procedure
using mesh, but particularly with the MSC due to the large
surface area of material secured to the vaginal wall. The
reported incidence is 5-9%, though the presentation can
vary from a small, asymptomatic vaginal opening to infec
tion, abscessor fistula formation.I10,1II Management depends
on extent of erosion, and in mild cases observation or local
debridement and closure may be sufficient.Removal of all or
part of the material may be necessary if there is evidence of
infection. Despite removal of the mesh, prolapse recurrence
is not inevitable, as the resulting scar tissue may be adequate
for sustained support. 112

If the MSC is being done concomitantly with an abdom
inal hysterectomy, the likelihood of mesh erosion has been
found to be higher in two series.II3

,114 Other studies have not
shown concurrent hysterectomy to be associated with a
higher risk of vaginal erosion.98

,115

Complications arising from the sacral component of the
procedure include hemorrhage from the presacral vessels,
which can be particularly troublesome. In intractable
cases, it can be managed by coagulation, suture ligation or
thumbtacks.'?' The vascular anatomy of the sacral promon
tory is highly variable, and the pneumoperitoneum during

laparoscopic sacrocolpopexy may conceal low-pressure
venous bleeding, which could go unrecognized following
release of the intraabdominal gas.Spondylodiscitis, an infec
tive and/or inflammatory process resulting from direct
extension of mesh violating the lumbosacral disc space, can
lead to sacral abscess. Although a rare and dreaded com
plication, spondylodiscitis can generally be prevented by
superficial passage of the suture(s) in the anterior longi
tudinalligament alone.109

POSTERIOR COMPARTMENT REPAIR
Enterocele
Indications. Prolapse of the peritoneal contents may
feature the peritoneum. alone (peritoneocele), small intes
tine (enterocele) or small intestine with omentum. They
may be found as an isolated prolapse or in conjunction
with rectocele or vaginal vault descent. Reduction and repair
of an enterocele is indicated in symptomatic cases, partic
ularly as part of a vault prolapse repair. However, many
peritoneoceles/ enteroceles are asymptomatic and may be
observed, and the question of whether or not to close a deep
pouch of Douglas preventively at the time of a hysterectomy
has yet to be answered.

VAGINAL REPAIR
Goal. The goal of transvaginal repair of an enterocele is
to isolate the peritoneocele, free and reduce the bowel
contents, close the hernia, and prevent its recurrence. In
patients who have undergone multiple prior abdominal
surgeries, the abdominal approach may be preferred
due to the risk of adhesions that may be encountered
transvaginally.

Technique. If multiple areas of prolapse are being addressed,
the enterocele is repaired first, followed by anterior, then
posterior wall repair." Visualization of light from a cysto
scope can help differentiate cystocele from enterocele in
high-grade prolapse.!" Broad-spectrum antibiotic coverage
is administered preoperatively due to the potential for bowel
mjury,

For isolated enteroceles, an apical midline vaginal inci
sion is made and the sac is dissected from the vaginal wall as
previously described. Once the sac is opened, laparotomy
pads are used to pack away enteric contents. Closure of the
cul-de-sac is usually done with 1-2 nonabsorbable purse
string sutures to include prerectal fascia posteriorly, parietal
peritoneum laterally, and the posterior peritoneal surface of
the bladder anteriorly. After removal of the packs, the purse
string suture is then cinched down snugly under direct
vision to avoid bowel entrapment. Cystoscopy with IV
indigo carmine confirms ureteral integrity.



Results. Most series report on prevention of posthysterec
tomy prolapse or recurrence ofde novo enterocele following
culdoplasty. Cruikshank randomized 100 women at the time
of vaginal hysterectomy to one of three surgical methods
of posterior/apical closure: a Moschowitz-type operation
(purse-string suture bringing the uterosacral-cardinal
complex together in the midline), a McCall culdoplasty
(plication of the complex and elevation of redundant vaginal
apex), or closure of the peritoneum only.1l7 At 3 years
follow-up, they found that the McCall culdoplasty was
superior to the other two methods described in preventing
postoperative enterocele.

Tulikangas et al followed 54 women at a mean of 16
months and reported 16 grade II apical prolapse recurrences
(28% ).118 The functional outcomes did not differ between
those with grade I and II pro lapses. Raz et al followed 81
women at a mean follow-up of 15.7 months and reported an
overall success rate, defined as no recurrence of enterocele,
in 86%.119

ABDOMINAL REPAIR
Technique. Two main techniques for obliteration of the cul
de-sac following abdominal hysterectomy exist. The Halban,
or Nichols, procedure uses a series of interrupted, non
absorbable sutures to approximate the vaginal cuff to the
prerectal fascia and taenia of the rectosigmoid, thus obliter
ating the pouch of Douglas. Each suture is passed, tagged,
and then tied sequentially at the end.

The Moschowitz technique involves multiple purse
string sutures which incorporate the vaginal cuff, uterosacral
cardinal ligament complex, perivesical, and prerectal fascia
and close the pouch of Douglas from the bottom up. This
technique is more prone to ureteric injury, thus prompting
the need for a cystoscopy procedure with IV indigo carmine
at completion of the repair.

Results. Few reports exist on isolated abdominal repair of
enteroceles, as this condition will often be addressed at the
time of vaginal vault fixation or other pelvic organ prolapse
repair. Cronje et al analyzed 130 women with enteroceles
repaired by a variety of techniques, including a Moschowitz
repair with suspension of the vault to the sacrum in 13
parients.V" Follow-up in this series was 7.4 months but they
reported no recurrences (defined as grade II or more vaginal
vault prolapse) over this short time period. Scarpero et al
performed a concomitant Halban culdoplasty at the time of
Marlex mesh sacrocolpopexy in 20 women with enterocele,
cystocele, and vaginal vault prolapse!" All these patients
showed good support of the vaginal vault with no recurrent
enterocele at a mean follow-up of 11.3 months. Brieger et al
treated 45 cases of pulsion enterocele via combination
abdominoperineal approach, using Mersilene mesh in com-

POSTERIOR COMPARTMENT REPAIR I

pleting a simultaneous sacrocolpopexy, and reported a
92.5% success rate at a short follow-up of 6 months.l"

LAPAROSCOPIC REPAIR
Technique. Adapting the concepts of open or vaginal entero
cele repair to the laparoscopic approach has been described.
The enterocele sac is dissected, then excised with monopo
lar electrocautery or harmonic scalpel. Next, the pubocervical
and rectovaginal fascias are identified and reapproximated
with interrupted nonabsorbable sutures. 123

,124

Results. Long-term data on outcomes following laparoscopic
enterocele repair are lacking but the preliminary results
appear promising. Recently, Cook et al reported a 93%
success rate based on objective assessment using the POP-Q
system in 45 women after 3 years follow-up, with a 4.4%
incidence of major complications.V' Cadeddu et al reported
on three women repaired laparoscopically using a Moschowitz
technique with no recurrences at a follow-up of 10.5
months. 125

Complications. The primary complication is a ureteric injury.
Other complications, such as bleeding from ovarian vessels
or bladder/bowel perforation during dissection, are rare.

Rectocele. Rectocele is defined as a herniation of the
rectum through the posterior vaginal wall, though not all
posterior wall defects are rectoceles. A posterior vaginal wall
defect may allow protrusion of small bowel, rectum or both.
Management of the asymptomatic rectocele remains con
troversial, although defecatory dysfunction (constipation,
anal incontinence, or both) will often prompt a patient to
seek intervention.

Vaginal repair
POSTERIOR COLPORRHAPHY
Goal. The goal of the posterior colporrhaphy is to close the
posterior wall herniation by reapproximation of the medial
edge of the levator muscles over the midline.

Technique. With the patient in dorsal lithotomy position, two
Allis clamps are placed at the 5 and 7 o'clock positions
on the introitus, exposing the perineal body. Saline hydro
dissection may be used to identify the proper plane between
the vagina and rectum. A triangular incision with the apex
pointing downward is made, excising a segment of perineal
skin at the mucocutaneous junction, with a second, inverted
triangular incision made to further expose the prerectal
space. Otherwise, a midline incision is made in the posterior
vaginal wall, extending to the posterior edge of the vaginal
cuff. Vaginal flaps are developed on each side to separate the
vaginal wall from the rectum, identifying in the process the
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proximal defect in the levator hiatus and the attenuated
prerectal fascia. This dissection is done as close as possible to
the vaginal wall to avoid rectal injury.

The prerectal fascia may be plicated with a series of
interrupted absorbable sutures.F" With a narrow right-angle
retractor retracting the rectum downward for protection,
the most proximal suture is passed first incorporating the
medial edge of the levator muscles. Several absorbable
sutures are placed sequentially moving distally towards the
perineal body, and are left on stay clamps to be tied at the
end or are tied progressively. It is important to avoid
overtightening the mid or upper vagina or creating a trans
versal ridge across the posterior vaginal wall which could
result in dyspareunia. Before closing the vaginal incision,
excision of redundant vaginal flaps may be necessary but
must take into account the patient's age and degree of sexual
activity.

Results. Long-term success of the posterior colporrhaphy
has been reported, with reported anatomic cure rates of
76-96%,5°,127,128 as summarized in Table 19b.8. In 25 women

followed up to 5.1 years, Lopez et al found one clinical
recurrence of rectocele and five recurrences by dynamic
defecography.!" In the study, rectocele was diagnosed as an
outpocketing of the anterior rectal and posterior vaginal wall
into the lumen of the vagina, ranging in size from 1.5 to 4 em.

Of these, only one patient underwent repeat posterior
colporrhaphy. Thus, defecography may be limited in its
role of defining clinically relevant prolapse, as Shorvon et al
demonstrated the prevalence of occult rectoceles in 47
asymptomatic volunteers undergoing defecography.'r"

SITE-SPECIFIC REPAIR
Goal. The concern for postoperative dyspareunia due to
vaginal narrowing after posterior colporrhaphy has led to
the concept of the site-specific repair, which involves closing
isolated defects in the rectovaginal fascia.

Technique. A midline posterior vaginal wall incision is made
over the bulging rectocele, and the vaginal mucosa is dis
sected off the underlying rectovaginal septum. The surgeon's
finger is placed in the rectum to delineate the defects.
Identification of the fascial defect(s) relies on both palpation
and visualization of the shiny, white rectovaginal fascia
against the ruddy rectal muscularis layer. I 30 Allis clamps may
be placed on the fascial edges to reapproxirnate the defect,
while the finger in the rectum carefully reduces the
rectocele to avoid bowel injury. The fascial tear is closed
with interrupted delayed-absorbable sutures I 31,132 or
reattached to the perineal body with longitudinal, inter
rupted surures.l" If there is no tension on the vaginal closure,
a short strip of redundant flap may be excised on each
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Table 19b.S Clinical outcomes from recent rectocele repair series

Mean follow-up Recurrence New-onset Symptom
Author (yr) n (mo/yr) Definition of recurrence rate dyspareunia imprvmt

Posterior colponIJaphy

Kahn (1997)128 244 42.5 mo PE (presence of "large" 24% 16% 62%
rectocele)

Lopez (2001)127 24 5.1 yr PE (not defined) 4% 33% 91%
Defecography· 21%

Maher (2004)139 38 24mo Point Bp ~stage II 21% 4% 89%

Site-specific ,.".ir

Cundiff (1998)132 43 12 mo (median) PE (no change or 18% 19% 87% (60/69)
worsening in pop-a
stage)

Kenton (1999)133 46 12 mo PE (pop-a Ap point at -1 23% 7% 43-92%
or greater)

Porter (1999)134 125 18mo PE (B-W >grade 2) 18% (16189) 12% 35-74%

G,..ft interposition

Sand (2001)50 80 12 mo PE (B-W ~rade 2) 8% (6173) NR NR

Kohli (2002)135 43 13mo PE (pop-a Ap point ~-o.5) 2% (2130) 0% NR

PE: Physical Exam, POP-Q: Pelvic Organ Prolapse Quantification, B-W: Baden-Walker Halfway Classification System, NR: Not Reported,
• Outpocketing of the Anterior Rectal and Posterior VaginalWall into the Lumen of the Vagina



side. The edges are then reapproximated with a running
absorbable suture.

Results. The definition of objective success, which has been
reported at 82-86% (see Table 19b.8) has not been limited
to anatomic repair, as several series have examined the
change in bowel symptoms and sexual function from
baseline just as closely as anatomic success. 132

-
134 Although

the literature on site-specific repair suggests it to be superior
to the posterior colporrhaphy in alleviating the symptoms
associated with a rectocele, clinical evaluation of recto
vaginal fascial defects was found to be in concordance with
surgical findings in only 59.4% of cases.130

GRAFT INTERPOSITION
Goal. Reconstruction of the posterior pelvic floor under no
tension and without narrowing the vagina may prove
challenging in some cases with a standard posterior plication
or site-specific repair. The strength of the repair can be
augmented with the use of nonautologous material, either
graft (e.g. cadaveric dermis) or synthetic (mesh).

Technique. The vaginal incision and dissection of the
rectovaginal space are identical to those of the previously
described procedures. The size of the material needed varies
based on surgeon preference and individual anatomy, but a
4 x 7 or 2 x 6 em piece has been described. In one report
using dermal graft, this material was reconstituted in normal
saline for 20 minutes and then secured to the edges of the
levator muscles bilaterally with interrupted permanent
sutures.l " The graft may also be sutured distally and proxi
mally to prevent migration. A synthetic mesh can similarly
be secured with permanent or delayed-absorbable sutures.

Results. Experience with graft interposition is limited to
small patient populations with short follow-up, although in
one randomized prospective trial, Sand et al showed that
addition of an absorbable (Vicryl) mesh did not affect the
likelihood of rectocele recurrence at I-year follow-up,"
They reported an overall success rate, defined as no recto
cele beyond the hymenal ring, of 90% in 132 subjects. Kohli
et al followed 30 patients for 12.9 months after dermal graft
augmentation and found a 93% surgical cure rate, defined as
an Ap measurement of -0.5 or greater using the POP-Q
score.l" No graft-related complications were reported in
this series.

Abdominal repair

Goal. A large rectocele associated with loss of the perineal
body and vaginal vault prolapse may be reconstructed
through an abdominal approach, similar to the sacro
colpopexy previously described.

CONCLUSION I

Technique. Placement of a synthetic mesh to the posterior
vagina for support may be extended to reach the perineal
body and repair a rectocele in the same setting. The incision,
exposure, and dissection are identical to the abdominal mesh
SCPo The dissection between the vagina and rectum is
carried distally until the perineal body is reached, at which
point the mesh is secured directly to the perineal body. If
the superficial perineal muscles are separated, they may be
reapproximated by a vaginal route (perineorrhaphy) prior to
mesh placement in select cases.!"

Results. There are scant reports on the outcome of rectocele
repair with this technique. One anecdotal series followed
19 patients and found stage 0 or I prolapse in 84% and
improvement of point Ap and Bp in 18 patients.!" However,
the follow-up was at a mean of 8 weeks, with only five
patients followed beyond 3 months.

Complications. Narrowing or shortening of the vagina has
been reported in between 6% and 33% of patients (see
Table 19b.8).9o,I27,128 Worsening of sexual function was
reported to be 19% in one study.134 Improvement in sexual
function ranges from 10% to 92%, the disparity due to
differences in follow-up and the small number of sexually
active women in most series. Careful excision of redun
dant vaginal flaps may help prevent vaginal narrowing or
leaving uneven ridges in the closure. When a perineorrhaphy
is associated, a high labial ridge can cause introital
dyspareunia.

Preoperative bowel function is highly variable and does
not correlate with severity of prolapse.!'" Furthermore,
improvement of some bowel symptoms after rectocele repair
has not been shown, despite anatomic repair. Resolution
of constipation ranges from 10% to 40%,128,133 though one
study noted II % and 23% of patients reporting increased
and de novo constipation, respectively.P" Lopez et al
reported an improvement in rectal emptying symptoms in
91% of 24 patients at extended follow-up of 5.1 years.!"
Improvement in manual evacuation ranges from 36% to

63%. Fecal incontinence has been reported to improve
in 35-57% of cases, while 3-13% reported de novo
incontinence.132,1 H

Rectal injury can result in rectovaginal fistula, which has
been reported previously in up to 5% of patients.126 Bowel
wall injury may be difficult to recognize in the absence of a
rectal examination intraoperatively or a packed rectum with
povidone-iodine gauze. Sutures through the rectal wall must
be recognized and released.l"

CONCLUSION
The surgical repair of pelvic organ prolapse must be tailored
to the individual, addressing the many aspects of this
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complex disease. Degree and location of the defect, tissue
quality, risk factors, and patient goals must be taken into
account to insure a satisfactory result. However, long-term
data on success are sparse, and the same risk factors that led
to the development of the prolapse initially may contribute
to recurrence of the condition. Surgical correction ofPOP is
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INTRODUCTION
A vesicovaginal fistula is an abnormal communication
between the bladder and vagina, which results in continuous
urine leakage through the vagina. It is one of the most
significant and devastating morbidities in female urology
and urogynecology. Vesicovaginal fistulae have been recog
nized and described since ancient times but successful repair
was not documented until James Marion Sims' first paper in
1852.1 His transvaginal repair included the use of silver wire
suture, and many principles described are still applicable
today. Subsequent advances included the first "layered"
repair by Mackenrodr' and the interposed labial fat graft of
Marrius' in the late 1920s.

The most common cause of vesicovaginal fistula in devel
oping countries remains birth trauma. This is secondary to
prolonged and obstructed labor, which leads to pressure
necrosis of the anterior vaginal wall and the underlying
bladder neck and urethra. This is in stark contrast to devel
oped countries where the large majority of fistulae are the
result of complications of gynecologic and other pelvic
surgery. Regardless of the cause, surgical repair remains the
gold standard and primary treatment of vesicovaginal fistula.

ETIOLOGY
In the United States and other industrialized nations,
vesicovaginal fistulae occur as a result of surgical trauma,
with the most common cause being abdominal or vaginal
hysterectomy. Inadvertent suture placement into the bladder
during vaginal cuff closure results in tissue necrosis and
subsequent fistula formation. Excessive blunt dissection of
the bladder can result in ischemia or an unrecognized tear in
the posterior bladder wall, with resultant fistula formation.
Overall, around 75% of vesicovaginal fistulae are reported
to occur after hysterectomy for benign disease," The overall
incidence of vesicovaginal fistula after hysterectomy is
approximately 0.5-1%.5 Vesicovaginal fistulae have also been
documented after anterior colporrhaphy, sling procedures
for stress incontinence, cystocele repair, colposuspension

procedures, and urethral or bladder diverticulectomy.
Overall, approximately 90% of vesicovaginal fistulae in
North America are caused by gynecologic procedures. The
remaining 10% are caused by radiation, advanced local
malignancy (cervical, vaginal, and endometrial), inflamma
tory bowel disease, foreign bodies, and infectious processes
of the urinary tract such as tuberculosis.

PREVENTION
Recognizing that the majority of vesicovaginal fistulae are
iatrogenic, it is paramount that the surgeon takes critical
steps to prevent their occurrence. Risk factors for fistula
development include prior cesarean section, endometriosis,
and previous cervical conization and radiation treatment.6

During abdominal hysterectomy, the bladder is most often
injured during the dissection of the posterior bladder wall
from the anterior surface of the uterus at the level of the
vaginal cuff. Placement of an indwelling Foley catheter and
meticulous sharp dissection can diminish inadvertent injury.
Iatrogenic injuries can be nearly impossible to avoid sec
ondary to difficult reoperations and dense adhesions that
obliterate surgical planes. Every attempt should be made to
diagnose and repair the injury intraoperatively. Filling the
Foley catheter with methylene blue to check for leakage
is simple but effective. If a bladder injury is identified, it
should be repaired with a two-layered closure after adequate
exposure is provided. A drain should then be placed.
Intraoperative discovery and repair of a bladder injury will
mandate keeping the catheter in for longer than the usual
1-2 days post hysterectomy. An interposition flap can
provide additional coverage.

EVALUATION
Symptoms and signs. Most commonly, patients will
present with continuous urinary drainage (day and night)
from the vagina after gynecologic/pelvic surgery. Any
patient who presents with urinary incontinence early after 221
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pelvic surgery should be evaluated for a vesicovaginalfistula.
The fistula may manifest itself immediately postoperatively
but often becomes clinically apparent days to weeks later.
Vesicovaginal fistulae tend to present earlier than uretero
vaginal fistulae. Ten percent of patients with vesicovaginal
fistula have an associated ureterovaginal fistula.' Patients in
the early postoperative course may present with fevers,
ileus, abdominal pain, hematuria, and lower urinary tract
symptoms.

Fistulae related to a past history of radiation therapy
may present anywhere from 6 months to 20 years after
treatment.8 The fluid draining from the vagina could be
urine, lymph, peritoneal fluid, fallopian tube fluid or vaginal
secretions. The differential diagnosis of vesicovaginal fistula
includes urethrovaginal fistula, ureterovaginal fistula, ectopic
ureter, peritoneal fluid drainage, and vaginal cuff infection.

Diagnosis. To confirm that urine is leaking from the
vagina, the fluid can be sent for creatinine. Elevated levels,
relative to serum, will establish the diagnosis of a com
munication between the urinary tract and the vagina.
Physical examination is the most critical element in the
evaluation of a woman with a suspected fistula. The depth,
diameter, mobility, and mucosa of the vagina must all be
evaluated. Concomitant prolapse, urethral hypermobility,
and incontinence should be assessed. Vaginal examination
with a speculum can isolate the point of leakage. The most
common location for vesicovaginal fistulaafter hysterectomy
is at the level of the vaginal cuff. Pooling of urine at the
vaginal apex and in the fornices is often seen. The surround
ing vaginal mucosa may appear erythematous and edema
tous, making it difficult to identify the opening. Placing a
Foley catheter into the bladder can assist if the balloon is
visualized.

If all the above measures fail to identify a fistula, dye tests
can be performed for confirmation. Methylene blue can be
instilled through the Foleycatheter and the vagina inspected
for leakage of blue fluid. Having the patient ambulate with
a vaginal pack in place will often stain the packing blue.
If a vesicovaginal fistula is still not identified, the patient
should be given oral phenazopyridine, which stains the
urine orange. The vagina is then packed and orange staining
confirms a fistula. A negative methylene blue instillation
with a positive phenazopyridine test strongly suggests a
ureterovaginal fistula.

All patients with a urinary fistula should undergo
cystoscopy and upper tract evaluation. Cystoscopy should
identify the location and size of the fistula, and its relation
ship to the ureteral orifices. It is important to ascertain that
there is adequate bladder capacity and to rule out a foreign
body as the source of the fistula. Careful surveillance for
multiple fistulae is imperative. For patients that have a
radiation- or malignancy-associated fistula, biopsy of the site

is mandatory prior to repair. Upper tract evaluation can be
done with either intravenous pyelography (IVU) or retro
grade pyelography. Ureteral involvement can be demon
strated by hydronephrosis or extravasation on IVU, although
the ipsilateral kidney can appear normal with prompt
drainage.

Retrograde pyelography remains the most sensitive test
to evaluate for ureteral involvement in the presence or
absence of a vesicovaginal fistula. Voiding cystourethrogram
(VCUG) can also help identify the presence and location
of a fistula. Coexisting vesicoureteral reflux, urethral diver
ticulum, stress incontinence, and cystocele can also be
identified, which may alter the surgical plan. Furthermore,
VCUG can help elucidate fistulae involving the rectum or
uterus. Vaginoscopy can assist in identifying the vaginal
communication.

TREATMENT
Conservative management. Small vesicovaginal
fistulae may close spontaneously with continuous Foley
catheter drainage in up to 10% of cases.By the time patients
have sought consultation with a specialist, this has usually
been attempted. Three weeks of drainage is a reasonable
option if the fistula is discovered early in the postoperative
period. Mature fistula tracts are unlikely to resolve with this
technique. Prolonged catheter drainage requires coverage
with antibiotics.

Another conservative treatment includes fulgurating the
lining of the fistula tract. However, this should not be
attempted with large fistulous tracts. In fistulae less than
3 mm, Stovsky reported closure in 11 of 17 patients with
fulguration and 2 weeks of catheter drainage," Recent reports
have shown success with fibrin therapy to treat small vesico
vaginal fisrulae.l" Most conservative measures ultimately fail
in the attempt to cure vesicovaginal fistulae. Formal surgical
repair remains the gold standard. For larger, complex, and
radiation-induced fistulae, there is only a minor role for
conservative treatment.

Preoperative considerations. Prior to formal repair
of a vesicovaginal fistula, multiple factors must be con
sidered. This will optimize the chances of a successful first
repair. Traditionally, most authors advocated waiting 3-6
months prior to surgical repair in order to allow the fistula
to completely mature.1J,12 This allowed maximal healing
during the posthysterectomy inflammatory stage. Women
with vesicovaginal fistulae experience enormous physical,
social, and psychologic stress during this time period, which
greatly hinders their quality of life. Many contemporary
authors have reported excellent results with early repair,
avoiding the great patient distress throughout the waiting
period.P:"



Typically, early transvaginal repair is performed 2-3
weeks after the time of injury. This technique is most com
monly performed in women with fistulae that form after
abdominal hysterectomy. Patients with vaginal cuff infec
tions or pelvic abscesses are not candidates for early repair
and must be treated with long-term antibiotics prior to any
repair attempt. Patients with previously failed repairs and
radiation fistulae are not candidates for early intervention,
and should wait at least several months prior to formal
repair.

The most appropriate approach to formal surgical repair
of vesicovaginal fistula is the one most familiar to the
surgeon. Choosing between an abdominal and vaginal
approach will depend on the surgeon's experience, training,
and comfort level. The highest success rates are associated
with the first operation, regardless of the approach.
Traditionally, location of the fistula dictated the surgical
approach. Supratrigonal fistulae were repaired transabdom
inally and infratrigonal and bladder neck fistulae were
repaired vaginally. With good surgical technique and tissue
interposition, even complex high vesicovaginal fistulae can
be repaired utilizing a transvaginal approach. The advantage
of the abdominal approach is the ability to perform simul
taneous procedures for coexisting intra abdominal pathology.
These include augmentation cystoplasty, ureteral reimplan
tation, and repair of bowel fistulae. The vaginal approach
avoidsan abdominal incision with possible bladder bivalving.
It is associated with decreased morbidity, shorter hospital
stay, and quicker patient convalescence. We utilize the
transvaginal approach for the overwhelming majority of
vesicovaginal fistulae. Therefore, this will be the focus of the
chapter.

Regardless of the approach chosen, many principles are
integral in fistula repair. Excellent exposure with watertight,
tension-free closure utilizing multiple, nonoverlapping
suture lines provide an approximately 90% chance of cure
on the first attempt. Continuous catheter drainage postoper
atively is mandatory. If any question exists, interpositional
grafts will optimize the chance for cure.

Preoperative preparation includes antibiotics to clear
any associated infection and provide a sterile environment
for repair. Routine urine culture should document absence
of infection beforehand. Broad-spectrum intravenous antibi
otics are provided in the preoperative area. Estrogen
containing vaginal cream is used in the postmenopausal or
posthysterectomy patient to improve the quality of the
vaginal tissues.

Traditional repair of vesicovaginal fistula included exci
sion of the tract to provide clean and vascular edges, which
wasthought to increase chances for cure. Raz and associates
have demonstrated excellent results and no adverse out
comes without excising the fistulous tract.15

,16 Excising the
fistula enlarges the tract and potentially causes iatrogenic
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bleeding, requiring hemostatic measures that may inhibit
healing. In addition, excising fistulous tracts located near the
ureteral orifices may require ureteral reimplantation.

Prior to any surgical repair, the surgeon should be famil
iar with several techniques for interposition of tissue.
Although these grafts are often necessary in large, complex,
postradiation, and failed primary repairs, it is difficult to
accurately predict which fistulae will require the additional
layer of coverage to avoid a tenuous repair.

Preoperative evaluation should always attempt to identify
those patients who have stress urinary incontinence.
Simultaneous sling procedure or bladder neck suspension
can be performed to avoid the need for a second procedure.
Concomitant repair for stress incontinence has been shown
to cause no increase in fistula recurrence rate." It is also
important to consider the sexual function of the patient and
ensure preservation of vaginal depth in the sexually active
patient. This can require rotational flaps in patients with
large fistulae and vaginal stenosis. Local estrogen replace
ment should be considered in patients with vaginal atrophy.

Transvaginal operative technique. We routinely
repair vesicovaginal fistulae through a vaginal approach and
will describe the basic technique for this procedure. This
avoids the morbidity of a laparotomy and is performed on an
outpatient basis.

Step 1: Patient preparation. The patient is placed in the
low lithotomy position and prepped in standard fashion. A
headlight provides excellent visualization for the primary
surgeon. Cystoscopy with ureteral catheterization is done
in cases where the fistula is located in proximity to the
ureteral orifices.A curved Lowsley retractor is used to assist
in placement of a 16 F suprapubic catheter through a small
suprapubic incision. A relaxing incision (posterolateral epi
siotomy) may be necessary to aid in exposure in cases with
a narrow vagina. The labia are sutured apart and a ring
retractor is placed for optimal exposure. A urethral Foley
catheter is placed as well, to ensure maximal urinary drainage.
An Allis clamp is used to elevate the anterior vaginal wall
and a posterior weighted speculum is positioned.

Step 2: Isolation of fistula. The fistulous tract is then
identified and catheterized with an 8 or 10 F Foley catheter
which aids in retraction throughout dissection (Fig. 20.1).
Metal sounds may aid in dilating the tract prior to catheter
placement. An inverted] incision is made, with care taken to
circumscribe the fistulous tract (Fig. 20.2). The long end of
the] should extend to the apex of the vagina, which will
facilitate advancement and rotation of a posterior flap later
in the procedure. Fistulae located high in the vaginal cuff
may require an inverted incision, with the base of the flap
facing the urethral meatus. 227



CHAPTER 20 • VESICOVAGINAL FISTULA: VAGINAL APPROACH

Figure 20.1 Catheterization of fistulous tract.

Figure 20.3 Development of vaginal flaps.

lying perivesical fascia. The flaps are now retracted with the
hooks of the ring retractor.
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Figure 20.2 Inverted J incision around the fistulous tract.

Step 3: Creation of flaps. Anterior and posterior based
vaginal flaps are dissected on each side of the fistulous tract,
starting with healthy tissue away from the fistula (Fig. 20.3).
This allows a natural plane of dissection and helps prevent
enlargement of the fistulous tract or inadvertent bladder
perforation. The ring of vaginal tissue at the opening of the
fistula is left intact. The flaps should be developed at least
2-4 ern away from the fistulous tract, exposing the under-

Step 4: Closure of fistula. The standard vesicovaginal
fistula repair is done in three layers. The first layer closes the
epithelialized edges of the fistula tract and a few mm of the
surrounding tissue (including bladder wall) with interrupted
3-0 absorbable sutures (Vicryl or Dexon) in a transverse
fashion (Fig. 20.4). The fistula catheter is removed and the
sutures are tied, closing the fistulous tract. The second layer
of the repair incorporates the perivesical fascia and deep
muscular bladder wall using the same suture material (Fig.
20.5). The sutures are placed at least 1 ern from the prior
suture line and secured tension free. The suture should be
placed in a line 90° from the first suture layer to minimize
overlapping suture lines. The bladder is filled with indigo
carmine diluted in saline and the integrity of the repair is
tested.

Step 5: Completion of operation. In a standard
vesicovaginal fistula repair (without tissue interposition)
the procedure is now completed. The previously raised
posterior flap is now rotated beyond the fistula closure site
by at least 3 em (Fig. 20.6). Excess vaginal flap tissue is
excised. This is closed using a running, locking absorbable
2-0 suture (Vicryl or Dexon). This covers the tract with
healthy vaginal tissue and provides a third layer of closure
with no overlapping of suture lines. An antibiotic-



Figure20.6 Third layer of repair: vaginal flap advancement.

Figure 20.4 First layer of repair: transverse closure of fistulous
tract without excision.
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include prior radiation, failed prior surgery, and poor tissue ~.

quality. These conditions require tissue interposition and iii"
will be described below.

Figure 20.5 Second layer of repair: imbricates first layer with
perivesical fascia.

impregnated vaginal pack is placed and the urethral and
suprapubic catheters are left to dependent drainage.

The majority of cases of uncomplicated vesicovaginal
fistula require only a three-layer tension-free repair.
Complicating factors which mandate additional protection

Transabdominal technique. This approach is outside
the objectives of this chapter and is briefly described for
discussion purposes only.

In our hands, the abdominal approach is utilized only in
select patients requiring concomitant abdominal procedures
such as augmentation cystoplasty or ureteral reirnplantation.
Preoperative bowel preparation is necessary in cases where
augmentation is anticipated. The patient is placed supine
with the legs in modified lithotomy for intraoperative
vaginal access. The abdomen and vagina are prepped in
standard fashion and a suprapubic tube is placed with a
Lowsley retractor. A lower midline or Pfannenstiel incision
is made, and the space of Retzius is exposed. An extra
peritoneal approach can be used, although an intraperitoneal
approach assists in optimizing exposure and allows an
omental flap to be positioned.

A Foley catheter is inserted into the bladder. Identifi
cation of the fistula may be aided by intravesical instillation
of methylene blue. The dome of the bladder is elevated and
dissection is performed between the base of the bladder and
vagina toward the fistulous tract. The bladder is dissected
completely free from the vagina with margins of at least
3 cm, and the fistulous tract is identified. The bladder is open
only in the area of the fistula, without excising the fistula
or bivalving the bladder. The bladder and vaginal defects 229
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are then each repaired in two layers using interrupted,
absorbable sutures. Interposition with omentum, perivesical
fat or peritoneum provides an additional layer of coverage.
The abdominal wound is then closed and the suprapubic and
Foley catheters are left to drainage.

Other techniques.Other authors advocate the O'Conor
technique, a transvesical approach with bivalving of the
bladder.I I An anterior cystotomy is made in the sagittal plane
and extended posteriorly to the fistula. The bladder is
mobilized completely from the vagina and the fistula is
excised. The openings in the bladder and vagina are closed
separately in two layers with interrupted 2-0 absorbable
sutures. An omental flap is placed between the bladder and
vagina and the wound is closed.

The Latzko operation, described in 1942, uses a partial
colpocleisis to treat vesicovaginal fistula." The operation
consists of denudement of the vaginal wall around the fistula
without excising the fistulous tract. A separate layered
closure is then performed including the bladder, vesico
vaginal fistula, and vagina. A potential drawback to this
procedure is vaginal shortening. However, success rates of
93% and 95% have been reported in two series of43 and 20
patients, respectively, with no significant patient-reported
vaginal shortening or sexual dysfunction!9,20 The technique
is still performed by many gynecologists today due to its
technical ease and minimal morbidity.

Transurethral suture cystorrhaphy without fistula tract
excision has recently been described as a minimally invasive
alternative for smaller fistulae (5-8 mm) located away from
the ureteral orifices. The technique requires fulguration of
the tract and surrounding bladder mucosa prior to combined
transurethral/abdominal endoscopic suture placement. A
minimum 2-3 week period of bladder drainage is necessary.
Eight of 11 patients (73%) treated with this technique were
cured."

Vesicovaginal fistula repair has been described laparo
scopically since the recent explosion of minimally invasive
surgery.22 The approach was first described in 1994 and
has undergone various modifications, including use of an
endostapler, omental interposition, and layered closure."

COMPLEX FISTULAE
Complex vesicovaginal fistulae include those fistulae asso
ciated with malignancy or prior radiation, recurrent fistulae,
fistulae of large size (greater than 3 ern), fistulae involving
the bladder neck and trigone, and those associated with poor
tissue quality or difficult closure. In these cases it is manda
tory to modify the standard transvaginal vesicovaginal fistula
repair. Multiple techniques of tissue interposition exist,
providing an additional layer of closure and enhancing the
quality of the reconstructive repair.

Radiation fistulae. Radiation-induced vesicovaginal
fistulae represent a unique subset requiring special consid
eration; The site of fistula formation is typically in the
trigone region. Since the trigone is in a relatively fixed
position, radiation effects are more likely to occur. Radiation
fistulae have been reported in 1-5% of patients treated for
cervical or uterine carcinoma. The fistulae typically present
in a delayed fashion, possibly up to 15-20 years later;"
Fistulae occurring after radiation should always be biopsied
to rule out recurrence of the primary malignancy.

Radiation-induced fistulae occur secondary to oblitera
tive endarteritis in the irradiated field." The microvascular
injury compromises healing and the tissues surrounding the
fistula are also affected by the endarteritis, complicating an
already difficult repair. Video urodynamics and cystoscopy
allow assessment of bladder capacity and compliance. If
there is adequate capacity and compliance, transvaginal
repair is performed with certain modifications. Tissue inter
position with a Martius graft or omental flap is critical, as
is prolonged postoperative catheter drainage. If the bladder
has small capacity and poor compliance, augmentation
cystoplasty is required and an abdominal approach is taken.
Careful inspection of the bowel is necessary to ensure usage
of a nonirradiated segment for the augmentation. Tissue
interposition and prolonged catheter drainage are necessary
steps, regardless of the approach, when repairing radiation
induced vesicovaginal fistulae.

Martius graft. The Martius graft (fibrofany labial flap)
was first described in 1928.3 This technique is commonly
used in perineal reconstructive surgery and has great utility
in vesicovaginal fistula, rectovaginal fistula, urethral recon
struction, and urethrovaginal fistula. It has high reported
success rates in complex fistula repair" and is the most
convenient source of interposition in transvaginal vesico
vaginal repair. We use a Martius flap in all cases unless the
fistula is located high in the vaginal vault (post hysterec
tomy). In these cases, the peritoneum is our preferred source
of tissue interposition.

The Martius graft is a long band of adipose tissue from
the labia majora. It has excellent strength (contains end
fibers of round ligament) and vascularity. The blood supply
is threefold. Branches of the external pudendal artery supply
the graft superiorly and anteriorly. Obturator branches enter
the graft at its lateral border. The inferior labial artery and
vein supply the graft inferiorly. The graft may be mobilized
superiorly or inferiorly depending on the desired location of
transfer.

The first two layers of the fistula are closed as described
earlier. The vaginal flaps are left intact and the labial
retraction suture is removed. A vertical incision is then
made over the labia majora and the subcutaneous tissues
are dissected laterally to the lateral border of the dissection,



the labiocrural fold. The flap is then dissected posteriorly
to Colles' fascia and medially to the labia minora/
bulbocavernosus muscle. The main vascular supply is at the
base and the entire thickness of the fat pad is carefully
encircled by a Penrose drain. The superior and anterior seg
ment of the graft is clamped, transected, and suture-ligated.
The remaining dissection is completed and the flap is now
freed, except at its base (Fig. 20.7). A tunnel is then created
between the vaginal wall and the perivaginal tissues. The
graft is then passed from the labial area to the vaginal area
(through the tunnel) with the aid of a hemostat (Fig. 20.8).
The Martius graft is then placed over the fistula site and
secured tension free with interrupted absorbable sutures.
The vaginal flap is now advanced and closed as previously
described, providing a fourth layer of closure. A light
pressure dressing may be applied and ice packs are routine.

Eilber et al reported a 97% cure rate with transvaginal
repair using Martius graft interposition in 34 patients with
complex fistulae."

Peritoneal flap. We utilize a peritoneal flap in the repair
of high fistulae located at the vaginal vault, which are seen
most commonly after hysterectomy. Extending a Martius
graft to this location may result in inadvertent vaginal
shortening. A peritoneal flap is an easily available, well
vascularized tissue that can be harvested without a second
InCISIon.

The fistula repair begins as described in the first three
steps of the transvaginal technique. The fistula is now
circumscribed and vaginal flaps are prepared. A catheter
in the fistula can help in dissection of the flaps. Sharp

Figure 20.7 Mobilization of Martius flap based on inferior pedicle.

COMPLEX FISTULAE I

dissection is used to expose the peritoneum and preperi
toneal fat. The fistulous tract is then closed in two layers, as
previously described. The preperitoneal fat and peritoneum
are now advanced to cover the fistula repair and secured to
the perivesical fascia with tension-free interrupted sutures
(Fig. 20.9). The vaginal flap is then advanced and closed.

Raz et al reported a 91% success rate in their initial
experience using a peritoneal flap in 11 patients with
vesicovaginal fistula." Eilber et al reported a 96% cure rate
using a peritoneal flap in 83 patients who underwent
complex fistula repair," It has high success rates, minimal
morbidity, and equal outcomes to a Martius graft, without a
second incision.

Omental interposition. Omental interposition is
primarily used in the abdominal approach for fistula repair,
although it can be accessed transvaginally in women who
have had previous procedures. Understanding the blood
supply to the omentum is critical prior to mobilization in
vesicovaginal fistula repair. Vascular supply to the omentum
is derived from the right gastroepiploic artery (branch off
the gastroduodenal artery) and the left gastroepiploic artery
(branch off the splenic artery). The right and left omental
arteries take origin from their respective gastroepiploic
branches and unite at the inferior aspect of the stomach in a
U-shaped fashion. Variably, there is a middle omental artery
which bisects the U into two sections. Omental flaps are
typically based on the right gastroepiploic artery, as it is the
dominant supply in the majority of cases.

Figure20.8 Transfer of Martius flap to cover fistula repair.
231
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The omentum can be quite redundant in certain cases and
reach down into the pelvis with minimal to no mobilization.
If the omentum only requires minimal mobilization, an L
shaped incision below the transverse colon (based on the
right omental artery) may be all that is required. Additional
length can be obtained by dissecting the omentum off its
attachments to the transverse colon. In cases requiring major
mobilization, the left short gastric arteries are taken down,
the transverse colon attachments are dissected off, and an
incision is made down the center of the omentum. These
techniques all result in an omental graft which can be placed
between the bladder and vagina for an additional layer of
protection.

Full-thickness labial flap. In select complex cases with
loss of vaginal wall, insufficient vaginal epithelium may
preclude primary vaginal closure. A full-thickness labial flap
can be rotated to substitute for the missing vaginal wall. The
fistula is closed as previously described, and the vascularized
flap is rotated to provide full-thickness skin coverage.

After closure of the fistula, a U-shaped incision is made
over the labia including the lateral labial skin and under
lying tissue. The base of the flap is at the level of the
posterior fourchette. The flap is dissected from the fascia
overlying the pubic bone and then rotated to cover the
repair. Interrupted absorbable sutures are used to secure the
edges in place." Small series have reported excellent results.
Carr and Webster reported excellent outcomes in four
patients." Postoperative complications include sensory
deficit at the harvest site and poor cosmetic result, in addi
tion to wound infection and flap sloughing.

Figure 20.9 Peritoneal flap advancement.

Gluteal skin flap. Gluteal skin flaps are used pre
dominantly in patients with postradiation fistulae or severe
vaginal wall atrophy with no other available and viable skin
source. The first two layers of the fistula are closed and the
vaginal flaps raised as described earlier. A longitudinal
incision is made in the vaginal wall toward the midportion of
the labia majora. This is then extended in a semicircular
fashion in the gluteal skin. The skin is then undermined and
the flap is rotated and advanced into the vaginal canal to
cover the fistula. The flap is secured with interrupted,
absorbable sutures and the vaginal flaps are secured to the
skin flap edges." Complications include wound infection,
sloughing of the flap, and injury to the anal sphincter,"
Meticulous surgical technique is mandatory to avoid the
latter complication.

Myocutaneous gracilis flap. The gracilis muscle
based myocutaneous flap has been frequently described in
association with repair of the postradiation vesicovaginal
fistula in patients with vaginal atrophy or absence. The
gracilis muscle is a long slender muscle which extends from
the inferior pubic symphysis to the medial condyle of the
femur. It is an accessory muscle used for thigh adduction and
knee flexion and can be sacrificed with no loss of function. It
sits between the adductor magnus medially and the adductor
longus laterally. Its blood supply is derived from the medial
femoral circumflex artery, a branch of the deep femoral
artery.

The flap is harvested with a tennis racquet incision on the
medial aspect of the thigh over the gracilis muscle. It begins
around 10 ern below the pubic tubercle and extends 20 cm
toward the knee (Fig. 20.10). The skin and underlying mus
cle are mobilized, with care taken to preserve the vascular
supply. The gracilis is transected at its distal insertion. A
tunnel is then created underneath the medial aspect of the

Figure 20.10 Gracilis myocutaneous flap.



thigh and labia, and the flap is transferred to the vaginal area
for additional coverage of the fistula tract and reconstruction
of the vaginal canal. This can result in considerable cosmetic
scarring but there is no functional defect.

INTRAOPERATIVE COMPLICATIONS
Bleeding and ureteral injury represent the two major
potential intraoperative complications. Hemostasis is critical
during the vaginal flap dissection and can be controlled with
fine absorbable sutures. Electrocautery should be avoided.
Anything short of perfect hemostasis can lead to hematoma
formation with possible disruption of the fistula repair.

Ureteral catheterization is recommended for fistulae close
to the trigone because of the higher risk of iatrogenic
ureteral injury. Fistulae located elsewhere do not usually
require this maneuver. If there is any concern about ureteral
injury, perform cystoscopy after intravenous indigo carmine
is administered. Ureteral catheterization can also be
performed.

POSTOPERATIVE MANAGEMENT
(TRANSVAGINAL REPAIR)
The vagina is packed with an antibiotic-impregnated gauze
which is left for several hours. Surgery is mostly performed
on an outpatient basis. The suprapubic and Foley catheters
(joined to a Y-connector) are left to dependent drainage for
a minimum of 2-3 weeks. Anticholinergics are given to
minimize bladder spasm and augment patient comfort. An
oral quinolone or cephalosporin is continued until the Foley
catheter is removed. Patients are instructed to resume
normal activity except for strenuous exercise. In addition,
sexual intercourse is prohibited for 12 weeks. The urethral
catheter is removed 2-3 weeks after surgery and a supra
pubic cystogram is performed. If the cystogram demon
strates no extravasation, the suprapubic catheter is removed.

OUTCOMES
Many factors must be considered when assessing patient
outcomes. Cure rate, morbidity, and patient satisfaction are
critical factors in determining patient success and the ideal
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Whatever may be the cause of this distressing affection,
it is a matter of serious importance to both surgeon
and patient that it be rendered susceptible of cure.
(Sims 1852)\

INTRODUCTION
Van Roonhuyse (1672) is credited with being amongst the
first to carry out surgical repair of a fistula,' by denuding
the fistula edge and then closing the defect using sharpened
goose quills wrapped in red waxed silk. Joubert (1834)
emphasized the importance of avoiding tension during
closure and attempted the use of labial skin flaps;' Gosset
described a surgical cure in 18344 and Hayward in 1839.5

Nevertheless, Sims (1852) is widely recognized as having
pioneered the modern era of fistula repair with his masterly
description of a technique.' His repair was carried out with
the patient in the prone position and emphasized the impor
tance of good exposure (the Sims speculum), tension-free
approximation of the wound edges with nonreactive silver
sutures, and continuous bladder drainage after closure.

Fistulae involving the vagina in undeveloped societies
are most commonly associated with obstetric trauma and as
such have from ancient times represented an important
cause of severe morbidity and mortality in young women. In
our society, urinary-vaginal fistulae, occurring most com
monly between bladder and vagina and sometimes involving
the ureter, are usually associated with gynecologic surgery
and occasionally complicate the management of gyneco
logic malignancy. Fistulous communications between the
bladder or urethra and adjacent structures are a cause of
great distress to the patient. Few patients are more anxious
to be cured of their affliction or are more grateful when this
has been accomplished. The vast majority of such fistulae
occur in women and result from gynecologic or obstetric
trauma, most commonly urinary vaginal fistulae involving
the bladder, ureter and rarely the urethra. Vesicointestinal
communications usually occur as a complication of inflam
matory or malignant bowel disease, with the exception of the

rare case of the radiation-damaged "frozen pelvis" following
treatment of gynecologic malignancy. Urethrorectal and
urethrocutaneous fistulae are the only groups which occur
most commonly in men.

The subdivision of fistulae into "simple" and "complex"
introduces further nomenclature. At first sight this might be
considered to unnecessarily complicate matters but it serves
a useful purpose in defining the appropriate surgical repair.
Simple fistulae can usually be resolved by a simple closure in
layers. More complex cases with associated tissue devas
cularization, previous failed surgical repair attempts or
irradiation, extensive tissue loss or persistence of a focus of
infection or malignancy may require the use of adjunctive
procedures. Fistulae arising from many etiologies, whether
traumatic, surgical, inflammatory, neoplastic or radiation
induced, are invariably amenable to surgical repair.

DIAGNOSIS
The classic symptom of a urinary-vaginal fistula is con
tinuous diurnal involuntary incontinence following a
hysterectomy or other pelvic operation. Nevertheless, in
situations where there is a small fistula, the symptomatology
may be far less florid and comprises no more than a watery
vaginal discharge accompanied by normal voiding.

Definition of the precise anatomic abnormality is neces
sary prior to taking a decision on the appropriate manage
ment of a fistula. All patients should have an intravenous
urogram to assess the number of ureters and look for the
presence of dilation or extravasation from a ureter which
would be suggestive of its involvement in the fistula. A
voiding cystourethrogram may demonstrate the presence of
a fistula (Fig. 21.1) and will document any associated
vesicoureteric reflux, bladder base prolapse, and stress
incontinence which may either relate to the patient's
symptomatology or could be usefully corrected at the time
of surgical repair of the fistula.

The combined use of imaging modalities and a careful
examination under anesthetic are an essential part of the
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Figure21.1 A voiding cystourethrogram may demonstrate the
presence of a fistula.

management of fistulae, since in many cases more than one
structure, e.g. both the bladder and ureter, is involved in the
fistula. A careful cystoscopy, vaginoscopy, and examination
under anesthetic (EVA) are essential in all cases and will
often demonstrate small fistulae not seen on other
investigation.

The majority of vesicovaginal fistulae are easy to identify.
Fistulae that are associated with thin-walled bladders, in
the midline above the trigone, may be large enough to feel
with the tip of a finger in the vagina. Conversely, a long
established "pinhole" fistula in the base of the bladder is not
associated with "tell-tale" hyperemia around its margins
and it may be difficult to identify endoscopically. If the
appearance is equivocal it may be helpful to distend the
bladder with irrigation fluid with the patient in the litho
tomy position and to observe the anterior vaginal wall for a
jet or a drip leakage, using a speculum in the vagina and a
fiberlight sucker. Alternatively, endoscopic examination of
both the bladder and the vagina with a cystoscope, with
gentle probing of suspicious areas with a guidewire, can also
be extremely helpful since catheterization of a fistula which
might not be easy to spot can suddenly make the situation
much clearer. It is important to remember that there may be
more than one fistulous track, especially after the failure of
a previous repair procedure.

A biopsy should be taken from the edges of the fistula in
all cases where there is any history of pelvic malignancy. If
ureteric damage is suspected, ascending bulb ureterograms
can be carried out and this can be followed by the insertion
of double pigtail "JJ stents." In addition, the demonstration
of associated functional abnormalities and the presence of

malignant disease are all important contributory factors
which need to be considered and investigated prior to under
taking reparative surgery. In principle, any vesicovaginal
fistula is amenable to surgical repair. Fistula occurring in
association with current malignancy following therapy for a
gynecologic malignancy may still be suitable for surgical
intervention as excisional surgery may be curative.

Where doubt remains as to the exact diagnosis even at the
time of an EVA, the synchronous use of the "three-sponge
test" can provide helpful additional information (Fig. 21.2),
as can insufflation of the vagina which in the presence of a
fistula produces a stream of air bubbles which can be seen
at cystoscopy. The "three-sponge" test simply involves the
placement of three separate and suitably sized gauze
sponges to gently fill the vagina, one above the other. A
colored fluid such as aqueous methylene blue is then intro
duced into the bladder with a catheter and the three sponges
are removed after about 20 minutes. Remember to remove
the urethral catheter after filling the bladder, to avoid
masking a urethrovaginal fistula.

• If only the lowermost sponge is colored it suggests that
the leakage has come down the urethra, indicating
either a low urethral fistula or simply urethral incon
tinence backtracking into the introitus.

• If both the lower sponges are unstained and the top
sponge is wet with unstained urine, it generally indi
cates a ureterovaginal fistula.

• If only the upper sponge is stained, it suggests a
vesicovaginal fistula. Very occasionally dye staining of
the uppermost sponge can result from reflux of the dye
from the bladder into the ureter and its leakage from a
ureterovaginal fistula.

CONSERVATIVE MANAGEMENT
What are the indications for surgery versus conservative
treatment? In a proportion of patients with small "simple"
vesicovaginal and ureterovaginal fistulae, conservative ther
apy may result in resolution of the fistula. In such patients
the use of continuous drainage with a urethral catheter or
internal splintage with a double pigtail stent, respectively,
needs to be considered. Nevertheless it must be borne in
mind that there is a low incidence of such spontaneous
closure in many series; indeed, Marshall reported only one
case in a series of 92 patients."

A number of adjunct measures can be used in addition to
drainage.

• Local or systemic estrogen therapy'
• Antibiotic prophylaxis"
• Cystoscopic fulguration of the fistula"
• Corticosteroid therapy'?
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Figure 21.2 Three-swab test showing the importance of identifying individual swabs and the way in which this can localize a site of
leakage. Note bottom right a false positive due to reflux up the ureter and leakage from a ureterovaginal fistula.

Both estrogen therapy in the postmenopausal patient and
antibiotic prophylaxis are likely to help by improving the
quality of the tissues and would certainly aid subsequent
surgery. Cauterization of the fistula was described as of
limited benefit, except in small fistulae, by Sims, a sentiment
reiterated by O'Conor who reported success with six
patients," It seems unlikely that corticosteroid therapy has
much to recommend it since, although it will reduce edema,
it will also impair healing.

With all nonsurgical management, it must be remem
bered that the majority of fistulae will fail to heal and this
needs to be balanced against the near certainty of a surgical
cure, particularly if there is an iatrogenic etiology.

TIMING OF SURGERY
It is an essential requirement prior to surgery to have
accurate knowledge of the patient's vaginal and urinary tract
bacteriology, so that any pathogens can be eradicated by
appropriate antimicrobial therapy; antibiotic prophylaxis
should be used routinely.

It is difficult to generalize about the appropriate timing of
surgical intervention for every case, since this will depend

upon the systemic and local factors influencing the healing
potential of the local tissues in the individual case. In the
otherwise uncomplicated simple postoperative fistula, it is
invariably possible to resolve the problem by early explo
ration within a few weeks, before the processes of inflam
mation and repair render surgery difficult. The majority of
evidence suggests that if this window of opportunity is
missed, it is wise to defer surgery for at least 3 months.v!' as
it would be inappropriate to carry out a surgical procedure
which would potentially be rendered more complex and
extensive and where morbidity is likely to be higher. In more
complex fistulae where tissue healing is dependent on the
interposition of a pedicled flap of vascularized tissue such as
omentum, this timing is less critical to healing but surgery
carried out at an inappropriate time may be rendered far
more difficult. Although some workers have advocated repair
between 3 and 12 weeks,12,13 it must be remembered that
these cases were all repaired by the use of interposed flaps of
peritoneum or omentum. It is salutary that in a reported
series of 11 "early" repairs of vesicovaginal fistula, 10 cases
were successfully operated on before 3 weeks had elapsed
after injury but the remaining case repaired by simple layer
closure at 35 days recurred on the fifth postoperative day."

237
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CHOICE OFAPPROACH
The decision as to the best surgical approach for an
individual case will of course be considerably biased by an
individual surgeon's preference and training. It will also
depend upon the etiology, position, and size of the vesical
fistula and the concurrence of associated ureteric or urethral
damage. Adequate surgical access to the fistula itself and to
allow associated procedures such as urethral repair, ureteric
reimplantation or the interposition of pedicle flaps is
essential to a successful repair. These requirements should
be the most important factor in determining the optimal
surgical approach.

Specificpatient positioning. The options for the open
surgical repair for the vesicovaginal fistula are as follows.

Vaginal approach. The positioning for vaginal approach
can either be with the patient in the standard lithotomy
position or in the modified Sims position (see Fig. 21.3). A
perineal approach provides limited access but avoids the
morbidity associated with any abdominal procedure. It is
ideally suited to closure of the low simple fistula and can be
combined with the use of an interposed pedicled flap of
labial/scrotal tissue or gracilis muscle, for more complex
fistulae.

Abdominal approach. The abdominal approach is more
invasive for the patient but is indicated for the repair of
high or complex fistulae, and lends itself to the concomitant
interposition of a pedicled omental flap in the repair. The
most logical approach is to have available the expertise
to utilize all of the available procedures as most appro
priate,15,16 preparing the patient for a synchronous perineo
abdominal procedure at the outset of an operation; thereby
facilitating the progression of one to the other as necessary.I I

Laparoscopy. Recent case reports have documented the
use of laparoscopic techniques but they are still being per
fected and cannot be considered to be mainstream therapy at
this time.

REPAIR TECHNIQUE
The plethora of reports in the literature bears witness not
only to the variation in success of the different surgical
methods in the hands of individual surgeons, but to the
diversity of different procedures available. Any surgical
repair will succeed provided that it removes any predis
posing etiologic cause for a fistula and reconstitutes a defect
by the approximation of clean, well-vascularized tissue.
These criteria are easily achieved in simple fistulae by the
trimming and tension-free approximation ofadjacent wound
edges. In more complex cases where the fistulous defect is

large or fibrosis resulting from infection, surgery or irra
diation compromises tissue healing, the interposition of a
pedicled flap of well-vascularized tissue markedly increases
the chances of a successful repair. In these cases it must be
remembered that if the tension-free apposition of an
epithelial defect is not possible, the migration of epithelial
cells will occur over an interposed vascularized pedicled flap
and therefore it is perfectly acceptable to leave defects
provided that they are adequately covered by the flap.

Specific equipment and materials. Appropriate
instrumentation can greatly improve access for a fistula
repair. A ring retractor is recommended along with a variety
of fixed and malleable copper blades which are available for
ring retraction.

• Self-retaining retractor for vaginal surgery, e.g. Parkes
anal retractor

• Curved needle holders (Turner-Warwick)
• Additional targeted lighting, delivered with the aid of

either a fiberlight sucker or an appropriate headlamp
• Cystoscope and Albarran catheterization bridge, 30°

telescope
• Ureteric catheters X 3
• 16 F silicone Foley catheters x 2
• Standard operating instruments dictated by the

surgeon's preference

Basic principles. Absorbable suture materials should
be used. Interrupted sutures ensure the best possible
vascularization of the tissue between tissue bites but this
advantage can be compromised by inflammatory reaction
at the site of knots and a rational compromise is the use of
interrupted short runs. The routine use of effective prophy
lactic postoperative antibiotic cover is important.

Adequate postoperative drainage of the bladder via
urethral and suprapubic catheters is recommended since if
one of these blocks, the other would hopefully be patent,
thereby protecting the bladder repair. This should be main
tained postoperatively until it has served its intended
function, which depends upon the surgeon's judgment. As a
rule of thumb, if there is any doubt it is generally better to
maintain catheter drainage a little longer rather than
removing it too early, based on the principle that "there is no
such thing as brave surgeons, just brave patients."

Tissue interposition support. The principles of the
layer closure of a fistula are well established. The adjuvant
use of an additional supporting tissue is a generally advisable
routine after a layer closure whenever this is easily available.
However, when the healing potential of the tissue around
a fistula is compromised for any reason, such as diabetes,
infection, infestation, the failure of previous repairs or irra-



diation, the reliability of a simple layer closure procedure
diminishes and the failure rate rapidly escalates unless a
definitive well-vascularized transposition graft is interposed.

A number of techniques have been described in the
literature. These include the use of peritoneal interposition,
first described by Bardescu in 1900,17.18 the use of island
myocutaneous and fasciocutaneous flaps/9.2o bladder mucosa"
and the use ofomentum, which was first reported by Walters
in 193522 and popularized in the last three decades. 23

•
24

Flaps of local peritoneum. The transposition of a flap of
pelvic peritoneum was described more than 100 years ago.
This is sometimes useful as a simple adjuvant support of the
layer closure of a "simple" fistula but its vascularization is
not particularly good and it is quite inadequate when
positive support is required as a result of significant local
pathology that is likely to compromise healing. This is in
addition to the fact that it is itself commonly compromised
by this local tissue abnormality.

Pedicled flaps of skeletal muscle. Skeletal muscle had
some inherent limitations as a supporting tissue.

• Its "resting" vascularization is minimal and is only
maximally augmented during muscular exercise.

• It is relatively poorly adapted to resist infection; thus it
can disintegrate when repositioned into the severely
infected surroundings of some complex fistulae.

• It is not specially adapted to resolve inflammation so
that it can contribute little to the local tissue healing
when this is severely impaired.

• Inactivity of a muscle eventually results in disuse
atrophy and it is largely replaced by fibrous tissue
unless it is regularly exercised.

However, a muscle flap that is adequately vascularized is
most useful when the reconstructive requirement is a size
able bulk of viable interposition tissue in the situation that is
not grossly infected.

Martius labial rotation flap. A Martius flap provides
useful vagino-urethral interposition support after a vaginal
approach layer closure of a fistula and it was originally
developed for this purpose. Its particular advantage is that it
is locally available during a perineal approach without a
synchronous abdominal approach.

It is a simple fat pad, which provides a thin but reasonably
well-vascularized tissue bulk. It has no special healing quali
ties so it is by no means comparable with the omentum.

Omental support. The use of omentum should be the
first-line choice. It is readily available and easy to mobilize,
readily reaching down to the perineum in most cases, has a

VAGINAL REPAIR OF VESICOVAGINAL FISTULA

good blood and lymphatic supply, and sufficient bulk to fill
dead space without producing marked fibrosis during
healing, which may compromise lower urinary tract function
and render subsequent surgery more difficult. In contrast,
peritoneum, whilst being readily available, does not possess
these other properties and is likely to have been involved in
local pathology or in the irradiated field. Bladder mucosal
grafts can be used in a manner analogous to the techniques
using vaginal mucosa but carry the same potential disadvan
tages as suggested for peritoneum. Other flap procedures are
an important part of the armamentarium but require
particular expertise.

The omentum should always be separated from its attach
ment to the transverse colon and mesocolon since post
operative distension of the bowel may otherwise dislodge
its attachment to the subsequent repair. The lower margin
of the omental apron will reach the perineum without
additional mobilization in 30% of cases. In the remaining
cases some degree of mobilization of the omentum by
division of part of its vascular pedicle is necessary. Whilst
Kiricuta suggested that the omentum should be mobilized
on the left gastroepiploic pedicle," Turner-Warwick has
raised the important technical point that the gastroepiploic
arch becomes increasingly small towards its left extremity
and that the omental flap should be based on the right
gastroepiploic pedicle for a more reliable blood supply."
In approximately 30% of cases, sufficient elongation is
achieved by division of the left gastroepiploic pedicle and
those of the direct left lateral vessels to the omentum. In the
remaining cases, full mobilization is required on the right
gastroepiploic vessel right over to its gastroduodenal origin
to prevent undue traction on individual short gastric vessels
which might result in shearing and postoperative hemor
rhage. Careful ligation of individual short gastric vessels is
necessary using an absorbable suture. The resultant slender
pedicle of this flap is protected by relocating it behind the
mobilized descending colon.

Mobilization of the omentum from the stomach does
result in a mild ileus and it is therefore sensible to institute
gastric suction for a few days postoperatively (insertion of a
gastrostomy tube is a humane alternative to a nasogastric
tube, particularly as the stomach is suitably exposed).

VAGINAL REPAIR OFVESICOVAGINAL
FISTULA
Exposure. The patient is placed on the operating table
in a slightly head-down position, hips flexed to 30°, and
legs widely abducted. The use of either the lithotomy or
prone position has the disadvantage that should vaginal
repair prove troublesome, then progression to a synchronous
abdominal approach is difficult or impossible. Optimal expo
sure of the fistula is achieved by the use of either a weighted 238
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Auvard posterior vaginal retractor, used in conjunction with
temporary lateral stay sutures to the labia minora attached
laterally under tension to the towels, or alternatively, a ring
retractor. In the presence of a narrowed introitus, exposure
can be improved by a posterolateral relaxing incision prior
to insertion of the retractor.

Technique (Fig. 21.3). Ureteric catheters facilitate the
identification of the ureteric orifices and the extravesical
location of the terminal ureteric segments while repairing
bladder base fistulae. The vaginal orifice of the fistula is
identified. Two stay sutures are inserted into the vaginal wall
anterolateral to it and directional traction on these, anchored
in relation to the appropriate guide-knobs of the perineal
ring retractor, effectively draws the fistula down to the
introitus. The traction on these stay sutures is generally
preferable to the alternative procedure of traction on a bal
loon catheter passed through the fistula because this has
to be removed before layer closure of the bladder can be
achieved.

A third stay suture is inserted into the vaginal wall in the
midline above the fistula to stabilize its retraction. If laxity of
the anterior vaginal wall does not allow this to be drawn
down effectively to the introitus, it can be usefully retracted
posteriorly using the guide-locating notch in the distal

margin of the posterior vaginal blade of the ring retractors
with appropriate tension anchorage at the ring margin.

The margin of the fistula is circumcised (Fig. 21.4). The
excision of the peri fistula scarring is facilitated by traction
on additionally inserted stay sutures. The layer between the
vaginal wall and the bladder wall is developed.

The bladder wall is closed with an interrupted 4/0
polyglycolic acid (PGA) suture, the knots being tied on the
lumen until the last two or three sutures are inserted. A
Martius interposition flap is raised and tunneled through
to the fistula closure site.The vaginal wall is closed: the
Martius labial incision is occluded with 3/0 PGA dead
space-encircling sutures.

A suprapubic catheter and a urethral catheter are
positioned with the synchronous pull-in procedure. When
the prone position is used for a vaginal repair, the suprapubic
catheter is inserted with the patient in the supine position
before she is turned over.

Closure. It is important that the tissues used in the closure
should be well vascularized and wherever possible, suture
lines which are in contact should be offset or placed at 1800

to each other. Absorbable sutures of interrupted 3/0 Dexon
or Vicryl are used. In the first layer the bladder wall is
closed vertically (Fig. 21.5A), then the perivesical tissues are

240 Figure 21.3 Ureteric catheters facilitate the identification of the ureteric orifices and the extravesicallocation of the terminal ureteric
segments while repairing bladder base fistulae. The vaginal orifice of the fistula is identified.
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Figure 21.4 The margin of the fistula is circumcised. The excision of the perifistula scarring is facilitated by traction on additionally
inserted stay sutures.

Figure 21.5 The bladder wall is closed with interrupted 4/0 sutures, with the interposition of a Martius flap.
241
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Figure 21.6 The "suprapubic cross" incision.

242

closed transversely (Fig. 21.5C). An alternative approach is
to excise a rim of vaginal epithelium from around the fistula,
allowing repair by colpocleisis using a double- or triple
layer closure of the subcutaneous tissues," A modification
is that reported by Twombly and Marshall" who suggested
preservation of a flap of the vaginal epithelium which is used
as the first layer closure of the defect (Fig. 21.6). These
techniques do produce some shortening of the vagina but
are reported to produce little interference with sexual
activity.25,27 They are most suitable for the postmenopausal
patient, particularly if there is a deep vagina and a vault
fistula, and can in experienced hands be applicable to a wide
range of different fisrulae.i"

Postoperative care. It is important to provide a post
operative milieu that promotes satisfactory healing of the
surgical anastomotic repair. Careful review of urine bacte
riology should be undertaken. The urinary tract should be
drained continuously under low pressure. The synchronous
use of both urethral and suprapubic drainage of adequate
caliber (18 F) reduces the likelihood that blockage of a
catheter will result in a build-up of pressure that will disrupt
the surgical repair. Catheters should be left on free drainage
for at least 10 days and the integrity of the surgical repair
confirmed at this juncture by the use of contrast studies. If
there is any contrast leakage, the catheters should be left on
drainage for a further week and radiologic reevaluation
repeated at that point.

Vaginal repair of the complex fistula. In some
cases the local vaginal tissues are damaged to the extent that
a simple layered closure of the vagina is felt to be potentially
precarious. Such a situation may result from tissue loss or
tissue fibrosis produced by infection or previous surgery. In
this situation it is necessary to augment the operation by the
interposition of a vascularized flap between the two layers of
the repair, filling dead space and bringing in a much-needed

blood and lymphatic supply. Many of these fistulae can be
repaired using a vaginal procedure.

A number of techniques have been described for the
mobilization and deployment of adjacent soft tissue struc
tures. These include the transposition of the medial fibers of
the levator ani/9 use of a gracilis muscle flap30-32 or a gracilis
myocutaneous flap,H and the use of a pedicle flap of vulval
fat and bulbocavernosus muscle." Whilst procedures
utilizing the gracilis are invaluable for the repair ofextensive
defects, the majority ofcases can be satisfactorily resolved by
the use of a Martius flap" and hence this procedure will be
described in detail here.

A vertical incision is made in either labia majora, allowing
a posteriorly based, pedicled, vascularized flap of labial
tissue to be raised. The size of the flap is determined by the
size of the fistula and can be increased by anterior extension
of the incision into the mons (see Fig. 21.5A). The flap is
mobilized, taking care not to damage the blood supply from
the inferior hemorrhoidal vessels which enter anteriorly.
Next, a tunnel is made beneath a vulval skin bridge to the
site of fistula closure (see Fig. 21.5A). The labial flap is
secured in position as part of the final layer closure (see
Fig. 21.5B).

A problem encountered occasionally is that of a urethro
vaginal fistula. The majority of those patients with a distal
urethrovaginal fistula are continent and asymptomatic
provided that the bladder neck mechanism is competent."
Vaginal repair of such a fistula is easily carried out. If there
is an associated urethral mucosal defect, it can be replaced
by a suitable flap of adjacent vaginal mucosa supported by a
Martius flap. Alternatively, a modification of the Martius
procedure can be used whereby the urethral repair is facil
itated by a suitably positioned skin island left on the labial
pedicle." If the fistula is more proximal and a more
extensive repair of urethra is likely to be necessary or if it
is associated with a vesicovaginal fistula, then a combined
transvesical and abdominal approach is preferable.
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A combined transperitoneal transvesical approach to a
vesicovaginal fistula is to be preferred over the conven
tional anterior transvesical approach first described by
Trendelenburg in 189037 and subsequently modified" to a
synchronous perineo-abdominal approach (PAPA). When
operating via an abdominal approach, it is also sensible to
have the patient in the perineo-abdominal position so that
manipulation of the vagina can be easily carried out and
progression to a perineo-abdominal approach facilitated.

Irrespective of whether the intended approach for a fistula
repair is vaginal or abdominal, the perineum and abdomen
are prepared and draped in a single sterile operating field
for a synchronous procedure. When appropriate, mild addi
tional flexion of the hips can be used for a vaginal approach
in the PAPA position because this is easily flattened in the
event of transfer to a synchronous abdominal approach.

During a definitive abdominal approach, the synchro
nous vaginal access provided by the single sterile perineo
abdominal operating field of the PAPA position has
particular advantages for vesicovaginal fistula repair.
However, care must be taken to avoid the complication
of the anterior compartment syndrome that can result from
calf pressure supports, such as the Lloyd Davies, during
prolonged operations.

• It enables a finger in the vagina to guide the separation
of the fused vesicovaginal tissue layers around the
fistula.

• Bleeding that develops low in the abdominoperineal
interposition tunnel is often controllable by vaginal
finger pressure until definitive hemostasis is secured.

• It facilitates urethral catheterization and manipulation.
• Synchronous peroperative endoscopic examination and

instrumentation procedures are occasionally helpful.

Technically, in terms of access and versatility, the supra
vesical abdominal approach provides superior access for
the repair of many vesicovaginal fistulae; it is suitable for
all such fistulae in all locations, down to and including the
bladder neck and the proximal urethra. However, a vaginal
approach repair is a less extensive surgical procedure so this
is naturally preferable when the circumstances are ideally
appropriate for it.

The incision. A midline abdominal wall incision is
essential to provide appropriate access for the mobilization
of the full length of the vascular omental pedicle from the
stomach. This is necessary in about a third of the cases in
which omental interposition is required for the reliable
repair of a complex vesicovaginal fistula. The need for such
an extensive mobilization of the omentum cannot be pre-
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dieted preoperatively. A common clinical problem is that
many of the patients who require the repair of a vesico
vaginal fistula have just had a Pfannenstiel incision approach
hysterectomy with a horizontal skin incision. An additional
vertical midline skin incision for an omental fistula repair
results in a scar that is a lasting reminder of the compli
cation, and is best avoided.

The "suprapubic cross" incision (see Fig. 21.6). The
"suprapubic cross" incision was specifically developed to
enable the great majority of Pfannenstiel-approach hys
terectomy fistula repairs to be completed through the
original skin incision. After a slight lateral extension of this
horizontal skin incision, the upper and lower skin and sub
cutaneous tissue flaps are separated from the rectus fascia,
upwards and downwards, sufficiently to enable a midline
abdominal wall incision to be made up to the level of the
umbilicus and leaving the original horizontal Pfannenstiel
rectus sheath closure intact. Suture reinforcement of the
margins of the previous horizontal sheath closure trans
sected by the midline incision is generally advisable.

In the event that an upper abdominal access is required to
mobilize the vascular pedicle of a short apron omentum
(3HO% of cases), this can be achieved by a short additional
midline epigastric skin incision and a supraumbilical exten
sion of the midline incision in the abdominal wall, which is
in continuity under the wide skin bridge between these two
incisions. Thus an additional midline skin incision is avoided
in the majority of patients who require a postoperative fistula
repair procedure without compromising the option of an
extension for full mobilization of the omental pedicle when
this is necessary to ensure success.

Increasing the midline incisional access to the
retropubic space. A distal prepubic extension of the mid
line incision into the prepubic aponeurosis, and its reflection
off the surface of the pubic bone, results in a remarkably
effective increase in the exposure of the retropubic space.
The access to the lower recesses of the retropubic space can
be further increased by a partial resection of the pubic bone
but this additional exposure is rarely necessary in the female.

Operative procedure for transabdominal vesi
covaginal fistula repair (Fig. 21.7). The transperitoneal
supravesical approach provides the best exposure for the
abdominal repair of a vesicovaginal fistula. The traditional
anterior transvesical approach for the closure of vesico
vaginal fistulae, originally described by Trendelenburg,
provides a very limited exposure through which only a
simple layer closure of a fistula can be achieved; this is no
longer advocated for this purpose. To take advantage of the
special features of this approach, a perineo-abdominal
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Figure21.7 The operative procedure for transabdominal
vesicovaginal fistula repair.



operating posltlon is essential to provide synchronous
perineal access. The patient is placed on the operating table
in the perineo-abdominal position with an appropriate
degree of head-down tilt to reduce venous pressure bleeding
in the pelvis.

A midline abdominal incision is essential to enable the
full length of the right gastroepiploic pedicle of the omen
tum to be mobilized to support the fistula repair in the event
of necessity.For a simple posthysterectomy fistula, the initial
lower midline incision may be achieved by the lower ele
ment of the suprapubic cross incision so that, when omental
interposition support is required, it can usually be achieved
using a simple horizontal Pfannenstiel-type skin incision
without an epigastric extension.

The suprapubic cross incision is retracted with an abdom
inal ring retractor. The bladder and the vaginal vault are
elevated up into the wound by suspension stay sutures
retained over the margin of the ring retractor.

The elevated bladder is opened by a laterally curved
vertical incision to facilitate its eventual closure. The blad
der incision is extended down into the fistula itself and its
lateral margins are retracted by elevating stay sutures to
expose the bladder base widely.

The ureteric orifices are identified. Ureteric catheters are
passed up to the kidney on either side and the distal ends
exteriorized through the urethra into the sterile perineal
approach access of the PAPA position. These catheters can
be passed endoscopically during the preliminary examina
tion but they are equally easy to pass during the operation.
When the bladder is open and the ureteric orifices are
obscured by inflammatory changes of the bladder base, they
are more easily identified by observing the almost imme
diate efflux of clear urine generated by the intravenous
injection of a diuretic rather than by waiting for the rela
tively delayed excretion of an intravenous colored dye such
as indigo carmine.

The separation of the fused layers of the bladder and the
vagina at the margin of the fistula is greatly facilitated by
scissor-tip dissection guided by the tip of the surgeon's
finger in the vagina. Even when the adhesion is dense and
extensive, it is remarkably easy to define it by this sharp
scissor-tip cutting at a level about 3 mm from the fingertip,
the thickness of the vaginal wall.This is simply estimated by
finger sensation until the natural intervening tissue plane
opens up.

The margins of the vaginal opening of the fistula are
excised and it is closed by interrupted short runs of 3/0
PGA sutures. A suprapubic catheter and a urethral catheter
are inserted. The curved incision in the bladder is easily
closed by simple rotation of its inherent flap using inter
rupted runs of 3/0 PGA sutures.

The space for omental interposition support of the suture
line can be created either by simple lateral development of

TRANSABDOMINAL FISTULA REPAIR I

the space between the bladder base closure and the vaginal
closure from above, or by the synchronous development of
an abdominoperineal tunnel, three fingerbreadths wide, that
opens distally at the margin of the introitus behind the
urethral meatus. Separation of the vaginal vault from the
bladder is facilitated by an orientating finger placed within
the vagina. A three fingerbreadths space is completed in the
plane between bladder and vagina; it is important to create
enough "space" to allow the adequate tension-free position
ing of a suitable bulk of omentum. In difficult cases, and in
particular those where previous surgery has been attempted,
the abdominal dissection can be combined with a subse
quent perineal dissection to produce an abdominoperineal
tunnel, thereby allowing linear deployment of the omentum
along the whole length of the vagina." Although many
simple fistulae can be satisfactorily closed via this approach
with a layer closure as described above, an extra advantage
can be gained by the addition of an interposed omental
pedicled flap in the closure." This surgical technique is
applicable to a wide variety of fistulae and provides a virtu
ally guaranteed closure of most fisrulae."

At the end of the procedure a colposuspension may be
carried out where necessary to reposition the proximal
urethra and bladder neck, ensuring the optimal transmission
of intraabdominal pressure and thereby avoiding the
development of stress incontinence."

The mobilized omentum is introduced into the inter
positional space. An abdominal omental interposition is
anchored at the upper margin of the interposition space, an
abdominoperineal tunnel interposition is fixed by including
the distal margin of the apron with the sutures closing the
introital incision at its lower end.

Tips and tricks for supravesical repair of
vesicovaginal fistulae

• A guiding finger in the vagina greatly facilitates the
separation of the back of the bladder and the urethra
from the vaginal wall at the margins of the fistula.

• Bleeding deep in the pelvis is often controllable by
simple vaginal finger pressure while definitive hemo
stasis is being secured.

• The exposure of the bladder base, the lateral paravesi
cal space, and the retrovesical/vaginal plane enables
the ureter to be mobilized and reimplanted into the
bladder by a reflux-preventing procedure when this is
indicated, most commonly as a result of its involvement
in the margin of the fistula.

• When a vesical fistula extends down to or through
the bladder neck, a definitive synchronous perineo
abdominal reconstruction of the sphincter mechanism
can be achieved using a prevaginal abdominoperineal
tunnel. The separation of the urethra from the vagina is
continued down to a periintroital incision to create a
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prevaginal abdominoperineal tunnel, 3-4 fingerbreadths
wide, to accept a really effective bulk of omentum.

• Omental interposition can be achieved using the
supravesical abdominal approach alone, creating an
intervening space for it by a downward and lateral
extension of the separation of the bladder base and the
urethra from the anterior wallof the vagina. The failure
of an omental interposition repair should be a very
unusual event; it is important to avoid three potential
surgical shortcomings:
1. inadequate size of the abdominoperineal inter

position tunnel, because this results in an insuffi
ciency of the lateral tissue overlap. The omentum
should not be used as a simple "plug"

2. failure to mobilize a sufficient bulk of omentum to
fill the appropriately sized interposition tunnel

3. impairment of the vascularity of the mobilized
omentum resulting from an inappropriate mobiliza
tion procedure or poor vascular surgical technique.

• Use of a laterally curved incision in the posterior wall
of the bladder. If a vertical midline incision in the
bladder is used to achieve a supravesical approach to a

vesicovaginal fistula, it can be difficult, and sometimes
impossible, to achieve side-to-side closure when the
bladder wall and the lateral paravesical pelvic tissues
are indurated, as they often are as a result of previous
surgery, inflammatory fibrosis, and especially after
irradiation. It is generally advisable to curve the inci
sion in the posterior wall of the bladder laterally
because this creates an eccentric laterally based flap of
the bladder wall that enables closure to be achieved by
its simple rotation.

Operative procedure for vesicovagino-rectal
fistula repair (Fig. 21.8). The procedure is an extended
development of the abdominoperineal closure of a complex
vesicovaginal fistula by omental interposition. A simple loop
ileostomy preliminary bowel diversion is preferred to a tradi
tional loop colostomy because it is easier for the surgeon to
make, for the patient to manage, and for the surgeon to close.

With the patient in the perineo-abdominal progression
position, the fistula is opened from above, separating the
rectum from the back of the bladder. The stenotic vault of an
irradiated vagina is excised. After its separation from the
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rectal wall posteriorly and the vesicourethral wall anteriorly,
the vaginal wall is circumcised transvaginally at the upper
limit of its preservable viability and caliber. Suprapubic and
surure-retained urethral catheters are positioned. The rectal
and bladder walls are closed.

The omental apron is mobilized to fill the sizeable gap
between the bladder and the rectum, and its distal margin is
included in the vaginal closure sutures,

If a bowel substitution vaginoplasty is indicated, it can be
done as either an immediate or a deferred procedure.

POSTOPERATIVE CARE
The patient has an occlusive wound dressing applied and is
left with a suprapubic and urethral catheter. All patients are
continued on full antibiotic prophylaxis for 10 days at which
time a cystogram is performed. Provided there is no leak
from the bladder, the urethral catheter is removed and the
suprapubic catheter clamped. If the patient is able to void
without significant problems, the suprapubic catheter is then
removed. The patient is advised to avoid excessive activity
for 4--6 weeks and then to gradually mobilize towards
normal by 2-3 months.

FROM SURGEON TO SURGEON
Helpful tips have been included wherever possible as the
techniques have been described. In my experience, with a
combination of self-retracting instruments, adequate expo
sure and good lighting, it is possible to close the majority of
fistulae. Basic surgical principles of excising avascular tissue,
avoiding dead space, producing tension-free anastomoses,
draining urine, and, where appropriate, diverting the urinary
stream all combine to ensure a successful outcome.

To emphasize the most clinically difficult situation, the
so-called "frozen pelvis" that occasionally results from pelvic
irradiation is an extensive fibrosis of interstitial tissue that
largely fills the pelvis (Fig. 21.9). In my experience, the
repair of complex vesicovaginal fistulae is most satisfactorily
tackled via the abdominoperineal approach with omental
interposition as described above.40 Certain additional points
are, however, worthy of comment. If radiotherapy is impli
cated in the etiology of the fistula, the wall of the bladder is
usually rendered more rigid and inflexible than is normally
the case. In this situation, an oblique incision in the wall of
the bladder is often preferable to one in the midline as this
facilitates subsequent bladder closure by the rotation of a
broad-based bladder flap.

In those patients with radiation-induced fibrosis and
necrosis, the surgical procedure must be considered to
consist of two separate stages. It is first necessary to excise all

FROM SURGEON TO SURGEON I

macroscopically abnormal tissue. These cases are usually
associated with extensive irradiation changes in the bladder,
the ureters, and the rectum. Often, after treatment of cervi
cal carcinoma, there is a fistulating radionecrotic cavity in
the vaginal vault area. Traditionally, such a "frozen pelvis"
was treated by a double abdominal-surface urostomy and
colostomy diversion but this does not relieve the unfortu
nate patient of an offensive purulent discharge from a radio
necrotic cavity, the avascular walls of which are incapable of
generating the proliferative granulation tissue required for
its occlusive healing. The surgical resolution of a "frozen
pelvis" used to be widely regarded as an inoperable sima
tion; however, after a subtotal exenteration that leaves the
potentially resurrectable elements in situ (the bladder base,
the lower vagina, and the anorectal mechanism), a functional
reconstruction of some or all of these is often possible,
especially if a sufficiency of transposable omenmm is avail
able, combined if necessary with a vaginoplasty to help fill
"dead space." If residual malignancy is suspected this can be
confirmed by frozen section but unless extensive, apart from
biasing the surgeon towards a more radical excision, should
not preclude a reconstructive procedure. The second stage
of this operation involves a functional restoration ofthe integrity
of the rectum, bladder, and vagina as far as this is feasible,
filling the dead space within the inevitably ischemic pelvis
with omentum and/or a cecolovaginoplasry."

If there is an extensive defect then it may not be possible
to obtain satisfactory apposition of the edges of the bladder
wall without compromising its functional capacity. Closure
of the bladder defect can be carried out with the additional
use of an augmentation cystoplasty. Alternatively, the
bladder defect can be left and the omentum used to patch it;
animal studies have clearly demonstrated that the defect is
covered within 2-3 weeks by new transitional epithelium
with the subsequent formation of new smooth muscle layer
within the omentoplasty in continuity with the margins of
the detrusor muscle at the edges of the defect. 42

,43 Clinical
experience over the last 25 years has confirmed the efficacy
of this technique in the clinical setting. 24

,44,4 5

In any fistula case it is advisable to obtain support from a
colleague with expertise in this area since the closure of
apparently simple vesicovaginal fistulae should be regarded
as a specialist procedure. Often the surgeon who creates a
fistula is not the one best qualified to undertake its repair,
although the temptation to attempt this may be great. From
the patient, medical, and medicolegal viewpoints, it is impor
tant that a postoperative fistula is repaired both expedi
tiously and successfully at the first attempt. The difficulty of
a fistula repair can escalate when the situation becomes
complex but this should rarely be the result of a previous
surgical failure.
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Figure21.9 The so-called "frozen pelvis" that occasionally results from pelvic irradiation with the development of extensive fibrotic
interstitial tissue that encases the pelvic organs. (Adapted from figures designed and drawn by Richard Turner-Warwick and Paul
Richardson.)
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Urethral Diverticula, Urethrovesical
Fistulae
Christopher R Chapple

CHAPTER

22
URETHRAL DIVERTICULA
Female urethral diverticula are estimated to occur in
between 1% and 6% of all adult females and are usually
diagnosed after the age of 20, the majority of the cases being
in the fourth decade of life. Whilst the majority of urethral
diverticula are undiagnosed as they prove to be asympto
matic, they may be complicated by infection, stones or,
rarely, malignancy and by virtue of their size, may produce
obstruction to the bladder outlet. Diverticula most com
monly present with symptoms relating to their size, with
discomfort or with episodes of repeated inflammation and
infection. If a diverticulum is asymptomatic and causing the
patient no concern then there is no indication for its further
treatment. The presenting symptoms can be summarized as
the three Ds: dysuria, postvoid dribbling, and dyspareunia
(Box 22.1).

Although it has been suggested that diverticula are
congenital in origin, there is no evidence to support this
view as they are rarely found in children. However, this does
not preclude the fact that an early diverticulum or weakness
might have been present but undiagnosed. It is tempting
to attribute the development of diverticula to the trauma
of childbirth and whilst diverticula often present in women

Box22.1 Presenting features of urethraldiverticula1

Frequency/dysuria (56%)

Recurrent infection (40%)

Tender mass (35%)

Stress incontinence (32%)

Postmicturition dribble (27%)

Dyspareunia (16%)

Stones (1-10%)

Discharge of pus per urethra (12%)

Retention (4%)

Malignancy (rare-adenoca 80%)

following childbirth, it has been shown that urethral
diverticula are just as likely to arise in nulliparous patients.
A strong possibility is that repeated infection and obstruc
tion of the periurethral glands results in the formation of
a cyst which eventually ruptures and drains back into the
urethral lumen/ Another possibility is that some cases may
be due to embryologic remnants, e.g. Gartner's duct or
vestigial wolffian ducts, which may act as a precursor to
the diverticulum formation. Indeed, diverticula in the
pediatric population have been attributed to a number of
congenital anomalies including an ectopic ureter draining
into a Gartner's duct cyst and a forme fruste of urethral
duplication.i"

There are a number of possibilities in terms of differential
diagnosis (Box 22.2).

Urethral diverticula invariably communicate with the
urethral lumen and by virtue of their position, protrude
through and stretch the periurethral smooth muscle (bearing
in mind the favored hypothesis that they are based on
obstructed periurethral glands). The periurethral glands are
tubuloalveolar structures that predominate in the distal two
thirds of the urethra and, not surprisingly, up to 90% of
diverticula open into the mid or distal urethra. Therefore,
infection of the periurethral glands seems to be the most
generally accepted common etiologic factor in most cases.
Reinfection, inflammation, and recurrent obstruction of the
neck of the cavity are theorized to result in patient symp
toms and enlargement of the diverticulum. This proposed

Box22.2 Differential diagnosis

Diverticulum

Vaginal wall cyst

Injectable

Skene's gland abscess

Ectopic ureterocele

(Carcinoma)
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pathophysiology appears to adequately explain the anatomic
location and configuration of most urethral diverticula.
However, it should be noted that Daneshgari and colleagues
have recently reported noncommunicating urethral diver
ticula diagnosed by MRI.6 Whether this lesion represents a
forme fruste of urethral diverticula or simply an obstructed
communication with the urethral lumen is unclear.

Occasionally diverticula, by virtue of their size, extend
proximally and beneath the bladder neck and trigonal area
(Fig. 22.1). A urethral diverticulum is often an isolated cyst
like appendage with a single discrete connection to the
urethral lumen. However, complicated anatomic patterns
may exist and in certain cases the urethral diverticulum
may extend partially ("saddlebag" urethral diverticulum) or
circumferentially about the urethra/

The diagnosis of urethral diverticula (UD) can be made
with a combination of a thorough history, physical exami
nation, appropriate urine studies, including urine culture
and analysis, endoscopic examination of the bladder and
urethra, urodynamics, and selective radiologic imaging.

During physical examination the anterior vaginal wall
should be carefully palpated for masses and tenderness. The
location, size, and consistency of any suspected UD should
be recorded. Most UD are located ventrally over the middle
and proximal portions of the urethra corresponding to the
area of the anterior vaginal wall 2-3 em inside the introitus.
However, UD may also be located anterior to the urethra
or extend partially or completely around the urethral
lumen. These particular configurations may have significant
implications when undertaking surgical excision and
reconstruction.

A preoperative classification has been described based
on the location, size, configuration, communication with the
urethral lumen, and continence status (Table 22.1 ).'

A number of diagnostic techniques have been reported
(Box 22.3).

Recent work in this area has clearly demonstrated that a
postvoiding sagittal MRI scan (Fig. 22.2)is the most accurate
way of finding their size and position. Urethroscopy, whilst
often performed, usually fails to be helpful, particularly if
the diverticulum is collapsed as the internal communication
between the diverticulum and the urethra is often not
visible.

Urodynamics is important in the preoperative assessment
of patients to document the presence or absence of stress
urinary incontinence prior to excision of a diverticulum.
Approximately 50% of women with UD will demonstrate
SUI on urodynamic evaluation'" (Table 22.2).

A videourodynamic study combines both an anatomic
assessment and a pressure study and will be helpful in
differentiating true stress incontinence from pseudoinconti
nence related to emptying of a urethral diverticulum with
physical activity (Fig. 22.3).

Figure22.1 A diverticulum usually extends through all layers of
the urethra, therefore marsupialization may lead to fistula. A
diverticulum stretches through all layers of the urethra and
surgery on it will tend to weaken the urethral sphincter.
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Table 22.1 Preoperative classification of female urethral diverticula (L/N/S, C3) in 60 women

Location (L) Number (N) SIze (S) Configuration (C1) Communication (C2) Continence (C3)

Proximal, beneath the Single (54) 0.2 x 0.2 cm Multiloculated (21) Proximal urethra (15) Completely continent (34)
bladder neck (8)*

Proximal urethra (7) Multiple (6) to Single (39) Midurethra (35) Stress incontinence (26)

Midurethra (36)

Distal urethra (9) 5.0 x 4.5 cm Saddle shaped (13) Distal urethra (10)

• Numberof women

Box 22.3 Diagnostic techniques

Il1VIIslve

Urethroscopy

Double balloon urethrography9

VCUGlO

Noninvasive

Postvoid IVUn

Transvaginal US12

MRI sagittal postvoid13

Figure 22.2 A postvoiding sagittal MRI scan is the most accurate
method of diagnosis.

Table 22.2 Urodynamic findings in 55 women with
urethral diverticula

Findings n Percentege

Abnormal 33 60

Stress incontinence alone 18 32.5

Stress incontinence with detrusor 8 14.5
instability

Detrusor instability alone 5 9

Sensory urgency 1 2

Myogenic decompensation 1 2

Normal 22 40

Figure 22.3 Diverticulum visible during a voiding cystogram
during videourodynamics.
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For patients undergoing surgery for UD with coexistent
symptomatic stress urinary incontinence demonstrated on
physical examination and urodynamically (USI), or those
found to have an open bladder neck on preoperative
evaluation, concomitant antiincontinence surgery can be
offered. Multiple authors have described successful con
comitant repair of urethral diverticula and stress inconti
nence in the same operative setting.I

,14- 16 A small number of
patients may have evidence of bladder outlet obstruction
due to the obstructive effects of the diverticulum It should
be noted that SUI may coexist with obstruction." It is my
practice to treat the diverticulum in the first instance where
necessary by surgical excision and then reassess the appro
priateness of sling insertion. I place a Martius flap in the
majority of cases and this not only prevents the formation
of a fistula and adds bulk which helps to alleviate stress
incontinence but also facilitates subsequent surgery by
preventing excessive fibrosis.

In my view, a diverticulum should only be treated if it
is symptomatic and conservative measures have failed.
Symptomatic patients, including those with dysuria, refrac
tory bothersome posrvoid dribbling, recurrent UTls, dys
pareunia and pelvic pain in whom the symptoms can be
attributed to the UO, may be offered surgical excision. A
number of surgical options have been described (Box 22.4).

Having identified a diverticulum which is asymptomatic,
the treatment of choice is excision of the diverticulum. I
have not found endoscopic incision to be necessary but
rather would allow an infected diverticulum to settle with
antibiotic therapy. Simple marsupialization of a divertic
ulum is one of the commonest causes of development of a
urethrovaginal fistula. My standard management of these
patients is to excise the diverticulum via a vaginal approach
using the prone position (Fig. 22.4). This is a technique
similar to that reported by Leach."

The most definitive treatment of a diverticulum is to
carry out a full excision with a full opening of the urethra
but this does carry with it morbidity, even in experienced
hands. After discussion of this, the majority of patients will

Box22.4 Surgical options

Palliative

Endoscopic incision

Curative

Marsupialization

Excision

Excision and Young Dees reconstruction

Figure22.4 Excision of the diverticulum via a vaginal approach
using the prone position.

opt for simple diverticulectomy with insertion of a Martius
flap (Figs 22.5-7).

Using this surgical technique, urethrovaginal fistula
formation is exceedingly rare. However, prior to surgery all
patients should be warned that there is a risk of inconti
nence, either because it is unmasked as a consequence of
removing the swollen diverticula in a patient who already
had a tendency to stress incontinence or because it results
from damage to the urethral sphincter mechanism during
removal of the diverticulum. The patient should therefore be
aware that a secondary procedure, in particular a sling
procedure, may be necessary at a later date and certainly this
is facilitated by the positioning of the Martius flap at the
time of the diverticulectomy.

I carry out the urethral repair with 5/0 Monocril.
Antibiotics are continued for at least 5 days postoperatively.
The vaginal packing is removed at 24 hours and when ready,
the patient is discharged home with urethral and suprapubic
catheters. Antispasmodics are used liberally to reduce
bladder spasms. Careful adherence to the principles of trans
vaginal urethral diverticulectomy should minimize post
operative complications but they may arise (Box 22.5).

Vaginal scarring or narrowing, dyspareunia,
etc. Urethrovaginal fistula is a devastating complication of
urethral diverticulectomy and deserves special mention. It is
extremely uncommon for these to occur if a Martius flap is
utilized de novo. This should be combined with meticulous
attention to surgical technique, good hemostasis, avoidance
of infection, preservation of a well-vascularized anterior
vaginal wall flap, and multilayered closure. A fistula located
beyond the sphincteric mechanism may not be associated
with symptoms other than a split urinary stream. Conversely,
a proximal fistula located at the bladder neck or at the
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Figure 22.5 (A) Position and exposure with a self-retaining retractor. (8) Raising the anterior vaginal flap.
(e) Excising the diverticulum. (D) Martius flap inlaid.

midurethra in patients with an incompetent bladder neck
will likely result in considerable symptomatic urinary
leakage. These patients should undergo repair with the use
of an adjuvant tissue flap such as a Martius flap to provide a
well-vascularized additional tissue layer.

Some patients will have persistence or recurrence of their
preoperative symptoms postoperatively. The finding of a UO

following a presumably successful urethral diverticulectomy
may occur as a result of a new UO or alternatively as
a result of recurrence. Recurrence of UO may be due to
incomplete removal of the UO, inadequate closure of the
urethra or residual dead space, or other technical factors.
Repeat urethral diverticulectomy surgery can always be
carried out if necessary.

2&&
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Figure22.6 Surgery in the prone position, showing infiltration with lidocaine and adrenaline, raising the anterior vaginal flap, and the
excellent view and access to the diverticulum seen with this patient positioning. Continued
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URETHROVAGINAL FISTULAE AND
URETHRAL SPHINCTER DEFICIENCY
Urethrovaginal fistulae are happily uncommon but invari
ably associated with a defect in the posterior section of
the urethral sphincter mechanism. Patients present with
the consequence of a fistula, namely incontinence, and any
repair of these fistulae will also require definitive repair of
the sphincter in order to restore continence. Urethrovaginal

Box 22.5 Complications of transvaginal urethral
diverticulectomy, with % range of reported incidence'9

Urinary incontinence (1.7-16.1%)

Urethrovaginal fistula (0.9-8.3%)

Urethral stricture (0-5.2%)

Recurrent UD (1-25%)

Recurrent UTI (0-31.3%)

Other:

• Hypospadias/distal urethral necrosis

• Bladder or ureteral injury
Figure 22.6, cont'd

Figure 22.7 Plane of dissection for a diverticulum and the advantage of a full opening of the urethra to facilitate
complete excision. Continued
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Figure22.7. cont'd

2&8

fistulae may occur as the consequence of prolonged labor or
complicated vaginal delivery where there is damage to the
urethra or following surgery, particularly excision of the
urethral diverticulum or surgery to the anterior vaginal wall.
Urethral damage consequent upon pelvic fracture injuries is
extremely rare.

Management of a urethrovaginal fistula therefore requires
urethral reconstruction with careful attention to recon
structing the integrity of the urethral sphincter mechanism
using a Young-Dees urethral tailoring procedure (Fig. 22.8).
Such surgery should be carried out by those familiar with
the principles and practice of urethral reconstruction.
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Figure 22.8 Principle of Young Dees urethral tailoring (reduction sphincteroplasty). Reducing the diameter of the urethra by tailoring the
urethral roof strip, removing the damaged ventral urethra and basing the reconstruction on the intact and more robust dorsal
component of the sphincter. (Adapted from figures designed and drawn by RichardTurner-Warwick and Paul Richardson.)
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Intraoperative Injury: Prevention
and Immediate Management
Christina J Poon and Philippe E Zimmern

CHAPTER

23
INTRODUCTION
Although rates of intraoperative injury during incontinence
and pelvic prolapse surgery are generally very low, when
permanent complications are the result of such injuries, the
potential gain in quality of life that typically results from
these surgeries can be severely reduced. If intraoperative
injuries go unrecognized, as is the case in up to 70% of
iatrogenic genitourinary injuries in some series,I,2 the range
of sequelae varies from bothersome (e.g. recurrent urinary
tract infections due to a calcified bladder suture) to life
threatening (e.g. urosepsis or obstructive uropathy due to
ureteric ligation). Even if injuries are recognized, operative
management can lengthen anesthetic time and place exces
sive surgical stress on an elderly patient with lower physio
logic reserve. Because incontinence and pelvic prolapse are
themselves not life-threatening conditions, surgical com
plications, when they occur, are not easily accepted by the
patient. Accordingly, it is imperative that the surgeon obtains
adequate informed consent preoperatively and, intraoper
atively anticipates, recognizes and appropriately manages
injuries in order to avoid permanent complications.

This chapter will focus on prevention, diagnosis, and
immediate management of intraoperative injuries occurring
in abdominal and vaginal reconstructive urogynecologic
procedures. Injuries will be discussed in detail according to
anatomic site: bladder, urethra, ureter, and bowel.

PREOPERATIVE PREPARATION: GENERAL
MEASURES
As with any surgery, preparation involves attention to
optimization of the patient's general medical condition and
instituting measures to prevent specific complications such
as infection, bleeding, and deep vein thrombosis. As sur
geries for pelvic floor conditions are elecrive procedures,
there is always the luxury of time to perform preoperative
evaluations when indicated. In patients with cardiovascular
or respiratory conditions, specialist consultation (e.g. car
diology, pneumology, anesthesiology) may be required.

Advanced age, in itself, is not an absolute contraindication
to elective pelvic reconstructive surgery and, indeed, it has
been shown that octogenarians tolerate these procedures as
well as younger patients, in addition to obtaining similar
long-term results.'

Infection prophylaxis involves methods to reduce bacte
rial counts preoperatively and administration of antibiotics
perioperatively. Antibiotic prophylaxis to provide coverage
for skin organisms (e.g. first-generation cephalosporins) is
recommended in all cases, with the addition of antibiotics
effective against uropathogens if possible entry into the uri
nary tract is anticipated or if an indwelling bladder catheter
has been in place. A negative urine culture should be
documented preoperatively in all patients. Vaginal douches
and bowel enemas the day prior to surgery lower bacterial
counts. Optimization of vaginal skin quality in post
menopausal women using local hormone replacement for at
least 6 weeks preoperatively may enhance vaginal wound
healing and minimize the risk of infection postoperatively.

Preoperative preparation to minimize the risk of bleeding
involves a thorough history to ascertain any bleeding diathe
sis. Anticoagulants and antiplateler agents should be dis
continued at the appropriate time preoperatively. Significant
bleeding during either abdominal or vaginal approaches is
unusual « 1%) and cross-matching for blood transfusion
should not be routine practice unless a difficult dissection is
anticipated.

With the risk of deep vein thrombosis (DVT) following
gynecologic surgery for benign disease as high as 29%,4
routine prophylaxis should be practiced. Various methods
including preoperative and postoperative subcutaneous
heparin, graded compression stockings, and pneumatic calf
compressors are available. At the authors' institution, com
pression stockings and calf compressors are used intraoper
atively and continued postoperatively until the patient is
ambulatory.

Although the dorsal lithotomy position is commonly used
in both abdominal and vaginal approaches to surgery, and
the associated risk of complications due to positioning 283
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factors alone is very small, attention to proper positioning
minimizes this risk. DVT prophylaxis is particularly prudent
when a case entails prolonged dorsal lithotomy positioning.
Musculoskeletal conditions may make the dorsal lithotomy
position impossible, as in patients with significant scoliosis
and other spine conditions or in those with severe lower
extremity contractures (e.g. related to neurologic disease).
Preoperative orthopedic consultation may be appropriate in
some cases. On initial positioning, care is taken to avoid
hyperflexion/extension of the thighs over the hips and to
pad potential pressure points to avoid nerve injuries from
compression and/or stretching as well as soft tissue ischemic
injury (Table 23.1).The use of pneumatic stirrups (e.g. Allen)
allows adjustment of position to low lithotomy whenever
possible during the course of a case. The operative table
should be lined with foam/egg-crate or gel padding in
prolonged cases or for those involving neurogenic patients.

To optimize positioning and surgical exposure, the need
for appropriate retractors, drapes, lighting, and instruments
must be anticipated. Whether a transabdominal or trans
vaginal approach is used, both sites should be prepped. In
vaginal cases, one must anticipate the possibility of having
to convert to an abdominal approach if, for example, there is
an unintentional bladder injury that cannot be repaired
transvaginally. Optimization of vaginal exposure involves
the use of self-retaining retractors (e.g. Turner-Warwick,
Lone-Star) as well as hand-held retractors (e.g. narrow
malleable or Deaver), an appropriate length weighted
vaginal speculum and, occasionally, retraction sutures on the
labia majora. The Trendelenburg position can improve

visualization of the anterior vaginal wall, which is especially
important in cases of prior surgery resulting in urethral
hyperelevation. Trendelenburg positioning also shifts
bowels cephalad which is useful in both abdominal and
vaginal surgeries, particularly when passing sutures or graft
materials through the retropubic space. Use of a headlight
may be critical when deep in the pelvis or vagina.

INTRAOPERATIVE BLEEDING
Hemorrhage and transfusion rates specific to reconstructive
pelvic surgery are in the range of 1-5%.5 Lambrou et al
reported a hemorrhage rate of 1% and transfusion rate of
16% in 100 consecutive pelvic reconstructive procedures of
varying types using abdominal and vaginal approaches,"
Although these numbers probably overestimate the inci
dence of significant bleeding, due to the retrospective nature
of the study, significant bleeding in pelvic reconstructive
surgery may be greater than in general gynecologic proce
dures due to a number of factors unique to this type of
surgery, including the number of procedures performed per
case (which, in turn, is associated with longer operative
times) and more extensive dissection often required after
multiple prior procedures. In addition, older individuals
may not tolerate blood loss as well as younger patients
undergoing general gynecologic procedures, resulting in a
lower threshold for transfusion.

There are certain procedures and sites of dissection that
are associated with a greater potential for significant
bleeding. The retropubic space is entered in both abdominal
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Table 23.1 Potential complications during dorsal lithotomy positioning

Injury Description

Obturator nerve Acute flexion of the thigh against the groin, especially in obese
patients, can compress the obturator nerve after it exits the
obturator foramen and begins to divide in the upper thigh. The
resulting deficit is weakness or paralysis of the adductors of
the thigh

Femoral nerve Occurs by compression of the femoral nerve against the pubic
ramus. This results in an abnormal gait

Saphenous nerve Compression of the knee against the knee brace of the stirrup
injures the saphenous nerve.The resulting deficit is loss of
sensation in the medial aspect of the leg

Peroneal nerve Pressure on the lateral aspect of the knee compresses the
peroneal nerve between the fibular neck and supporting leg
brace.This results in instability of the foot and foot drop

Sciatic nerve Pressure on nerve against the sciatic notch during hip flexion
or stretching of the nerve by flexing the hip with the knee
extended. Results in weak knee flexion or variable loss of
common peroneal or tibial nerve function

Anterior fascial Occurs due to muscle necrosis after prolonged leg suspension
compartment
syndrome



and vaginal procedures such as retropubic bladder neck
suspensions and pubovaginal sling procedures. The rich
perivesical venous plexus can be a source of considerable
bleeding which may continue postoperatively if satisfactory
or complete hemostasis is not achieved at the time of sur
gery. Specific attention must be paid to avoiding the dorsal
vein of the clitoris by limiting dissection to either side of the
midline. Accessory or aberrant obturator vessels are present
in up to 80% of individuals and these vessels, or the obtu
rator artery itself, may send branches over Cooper's ligament
in 10% of individuals. These vessels need to be identified
when positioning retractors or placing sutures through
Cooper's ligament.'

Although some degree of bleeding associated with
defatting of the perivaginal fascia during a retropubic
dissection may help identify the bladder neck and bladder
edges more effectively, a more extensive dissection may
result in a large retropubic hematoma which could become
infected, producing a serious complication when synthetic
materials are used. The risk of infection is higher in com
bined abdominal-vaginal procedures where contamination
of the retropubic space from the vagina is more likely.
Particular attention needs to be paid to hemostasis during
laparoscopic procedures after which there can be delayed
bleeding once the hemostatic effect of the pneumoperi
toneum is released. During vaginal surgeries, the risk of
significant bleeding, which can be sudden and massive,
increases once the endopelvic fascia has been perforated and
the retropubic space is developed. It is the authors' pref
erence to use blunt finger dissection instead of blind sharp
dissection with Metzenbaum scissors when developing the
endopelvic fascia, as this minimizes the risk of excessive
bleeding. However, using either technique, vaginal surgeons
must be prepared for brisk bleeding and consider adhering
to the following principles.

1. Complete all possible steps of the repair procedure
before entering the retropubic space. For example,
during the anterior vaginal wall suspension, lateral
vaginal flaps are dissected, suspension sutures are
placed and left on stay clamps, and the suprapubic
incision is made before entry into the retropubic space
to transfer the suspension sutures suprapubically.
Similarly, for a urethrolysis procedure, the suprapubic
tube, Martius fat pad (when indicated), and urethral
dissection are performed before entering the peri
urethral space to liberate the urethra and bladder neck.

2. All suture transfers are completed efficiently and
followed by rapid closure of the vaginal incision and
packing of the vagina. Bleeding is usually self-limiting
as the hematoma forms. Placement of a Foley catheter
within gauze packing in the vagina and inflating the
balloon until adequate tamponade is achieved may

INTRAOPERATIVE BLEEDING I

optimize hemostasis." The pack should remain undis
turbed for 24--48 hours. Use of a Foley catheter has also
been described for control of bleeding during the
tension-free vaginal tape (TVT) procedure by insert
ing the catheter along the trocar insertion path and
inflating the balloon in the retropubic space,"

There are three procedures that mandate special attention,
as bleeding can be massive and hemostasis very difficult
to secure. The first is the abdominal mesh sacrocolpopexy.
Massive bleeding is rare (1.2-2.6%) but can occur with
disruption of the presacral veins. Modification of the tech
nique by securing the mesh to the sacral promontory rather
than lower sacral levels reduces this risk." If presacral
vessels prevent suture placement, they often can be mobi
lized laterally with cautious dissection and very small vessels
may be cauterized. If catastrophic bleeding does occur, a
method using stainless steel thumbtacks has been described
(Fig. 23.1 ).11 Bone anchor use has been reported to minimize
the dissection and avoid triggering major bleeding.

Another vault fixation technique associated with the
risk of potentially life-threatening hemorrhage is the
sacrospinous ligament fixation. Similarly, the risk of severe
bleeding is rare but deaths due to bleeding have occurred, as
indicated in one publication in which the authors state that
they are "aware of several unpublished cases in which fatal
ities have occurred.t'" Although it is commonly believed
that the vessels at risk adjacent and posterior to the
sacrospinous ligament are of pudendal origin,13 the inferior
gluteal artery is most likely to be injured based on anatomic

Figure 23.1 Severe bleeding during mesh sacrocolpopexy.
Massive bleeding during placement of mesh sacrocolpopexy
sutures into the anterior spinous ligament at lower sacral
segments could not be controlled with ligature and cautery,
requiring placement of multiple sterile thumbtacks for tamponade,
as seen radiographically.
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studies." Placement of sutures posterior to the ligament
and/or placement of retractors beyond the ligament supe
riorly or inferiorly can injure the superior gluteal artery or
its branches. Bleeding may be controlled by packing the
operative field tightly with several laparotomy sponges for
20-30 minutes and, if necessary, packing the perirectal space
and taking the patient from the operating room for stabi
lization, with plans to return later to identify the bleeding
site and control the vessels with surgical clips. Alternatively,
selective arterial embolization may be performed."

The third procedure in which massive hemorrhage can
occur is the TVT midurethral sling. Although rates of
significant bleeding with TVT from the 1455-patient
Finnish registry'S (>200 cc blood loss 1.9%, major vessel
injury 0.07%, retropubic hematoma 1.9%) are comparable
to rates reported for more conventional techniques
«1_10%)/,16-18 massive hemorrhage requiring a lO-unit
transfusion has been reported," as well as two cases of
external iliac vein injury.20,n Fatalities have been reported
from secondary bleeding. Patients are now observed for 24
hours and not sent home immediately (two died of unrec
ognized internal bleeding secondarily)." The transobturator
approach to tape placement has shown no statistically
significant differences in bleeding risk23.24 but theoretically
should not produce catastrophic bleeding by avoiding iliac
or retropubic vessels during trocar passage.

Urethral bleeding may occur during dissection between
the anterior vaginal wall and periurethral fascia. Any sign of
bleeding usually indicates that the dissection is proceeding
in the wrong plane and that redirection is required to limit
bleeding and avoid urethral injury. Hydrodissection, partic
ularly when there has been prior surgery, may facilitate
identification of the correct plane. Usually, reapposition of
the periurethral fascia with a fine absorbable suture will
obtain hemostasis more effectively than cautery.

BLADDER INJURY
Because pelvic reconstructive surgery involves dissection in
close proximity to the urinary tract, often in patients with
prior surgery, unintentional urinary tract injuries, partic
ularly cystotomy, may occur at higher rates than in general
gynecologic procedures. In a series of various pelvic
reconstructive surgeries, cystotomies occurred in 6% of
cases." This is in contrast to a rate of0.4% in a series of 5517
procedures for general nonradical major gynecologic
procedures.' The risk of bladder injury is increased by any
condition that can produce adhesions in the pelvis; this
includes not only prior surgical procedures but also
endometriosis, pelvic inflammatory disease, diverticulitis,
infection, and prior radiation. Distortion of the retropubic
space and pelvis may occur as a result of uterine myomas or
ovarian cysts.

Injuries may result from bladder incision, excision,
crushing, avulsion/tearing or involvement in a ligature.
Perforation due to retropubic needle or trocar passage is
the most common type of bladder injury and occurs in
transvaginal sling and suspension procedures performed for
incontinence. Using some basic principles described herein,
most injuries can be prevented and so long as the injury
is recognized and appropriately managed, unnecessary
morbidity and permanent complications will be avoided.
Unrecognized injuries can result in infectious complications,
urinary tract fistulae, and bladder calculus formation.
However, even when recognized, an extensive bladder repair
may necessitate deferring the originally planned procedure
to a later date, for fear of secondary urinary leakage.

A simple preventive maneuver that should be practiced,
regardless of the specific surgical procedure, is placement of
a urethral Foley catheter at the start of the case to ensure
bladder decompression. The catheter should be kept on
continuous rather than intermittent drainage in order to
keep the bladder away from dissection at all times. A Foley
catheter also facilitates identification of the bladder neck and
urethra by palpation of the balloon in both abdominal and
transvaginal procedures, in addition to monitoring for
hematuria resulting from a bladder injury. It should be
noted, however, that even if decompressed, the bladder can
still be distorted by old adhesions; for example, prior low
abdominal incisions may produce adhesions sufficient to
elevate the dome of the bladder or even predispose to
ventral bladder hernia, making it susceptible to incisional
InJury.

Bladder injury during retropubic needle or trocar passage
requires specific mention with the recent popularity of the
TVT procedure. The predecessor techniques utilizing
retropubic needle passage, such as the Pereyra and Raz
transvaginal bladder neck suspensions, were associated with
bladder perforation rates of <1 %.26,27 In large series, the
TVT procedure has been associated with bladder perfo
ration rates of 0.8_3.8%15,28 although some have shown
much higher rates of up to 24%.29,30 Fingertip guidance of
retropubic passage of the needle ligature carrier was first
described in the modified Pereyra bladder neck suspension
and has been used in subsequent transvaginal suspensions.
This maneuver is particularly important in cases of prior
surgery after which retropubic scar can distort the normal
anatomy and position. The technique involves initial
development of the retropubic space and endopelvic fascia
(usually bluntly with a finger), after which the needle tip is
advanced from the suprapubic site on the finger at all times
while closely approximating the posterior aspect of the
pubis. Blunt dissection prior to needle passage frees up the
scar tissue and helps ensure the bladder is mobilized medi
ally out of the path of the needle. The SPARe polypropy
lene tensionless midurethral sling is purported to have the



advantage of improved control of the trocar compared to the
TVT as the trocar is passed from "top to bottom" using the
same principle of fingertip guidance."

One must remember that the technique of "fingertip
guidance" does not imply development of the retropubic
space, which is not routinely performed, and theoretically
adds an additional element of injury prevention. Similarly,
techniques to facilitate controlled passage from "bottom to
top" of the TVT trocar have been proposed in order to
achieve a similar safety margin." The obturator approach to
tape placement should, in theory, avoid bladder injury and
many have suggested that cystoscopy is not mandatory;
however, bladder injury during transobturator insertion of
TVT has still been reported."

Bladder injury is usually detected by the presence of
bloody urine draining from the catheter or urine leaking into
the operative field, although in some cases these signs may
not be observed. Although routine intraoperative cystoscopy,
first proposed by Stamey," should detect all injuries and
add little morbidity and time to surgery, its routine use is
debated.V:" Proper technique for cystoscopy includes
adequate distension of the bladder and use of both 30° and
70° lenses to prevent any mucosal folding from obscuring an
injury (Fig. 23.2). Suprapubic pressure may facilitate visual
ization of the anterolateral and distal anterior bladder walls.
Alternatively, a flexible cystoscope can be used. Location,
size, and proximity of injury to the ureteric orifices should
be observed. If cystoscopy appears normal but a bladder
injury is still suspected, distending the bladder to a volume
of 400--600 cc with indigo carmine or methylene blue

BLADDER INJURY I

solution may allow for identification of dye draining through
the vagina or suprapubically.

In most instances, the intended reconstructive procedure
can proceed after surgical repair of the injury site or with
extended postoperative bladder drainage alone. In fact, most
relatively small bladder punctures (e.g. by retropubic
needles, trocars, sutures, tapes) will heal without extending
catheter drainage beyond 1-2 days after surgery. In a small
series of cases of cystotomies occurring during transvaginal
surgery for incontinence, immediate bladder closure and
continuation of the planned procedure was carried out
without an increased risk of vesicovaginal fistula formation."
When a needle ligature carrier, trocar, nonabsorbable suture
or synthetic graft material enters the bladder, it should
simply be removed and repositioned more laterally. Failing
to recognize intrusion of a foreign body into the bladder may
result in infection, stone formation, and urinary symptoms."
More extensive cystotomies occurring during transvaginal
procedures will require formal closure; this should be
performed transvaginally unless the trigone and/or ureters
are involved in which case an abdominal approach is used.
If the injury is very large, urine contamination precludes
placement of synthetic material or if the repair extends
the duration of procedure excessively from an anesthetic
standpoint, the originally proposed reconstructive pro
cedure will need to be deferred. Injuries occurring during
abdominal procedures are repaired through the same
mcrsion.

Bladder repair, whether transvaginal or transabdominal,
follows the same fundamental principles. The injury must

Figure 23.2 Bladder injuries identified on cystoscopy. (A) Cystoscopy after Burch bladder neck suspension. A transfixing posterior
bladder wall suture is seen from the abdominal hysterectomy preceding the Burch procedure. The abdomen was reexplored and the
suture-ligature around the uterine pedicle was removed. It is likely that in the absence of cystoscopy, this uneventful hysterectomy
would have been complicated by a vesicovaginal fistula. (8) During a midline cystocele repair in a patient who previously underwent a
paravaginal repair, dense retropubic scarring rendered transfer of suspension sutures difficult. resulting in an anterolateral bladder wall
injury. Of note, there was no gross hematuria. Evaluation with a fully distended bladder and 70° cystoscope revealed a discrete site
injury due to a transfixing suture. The sutures were repositioned more laterally.
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first be staged for size, location, number of perforations,
viability of tissue, and ureteric involvement. If ureteric
injury is suspected, then intravenous indigo carmine should
be administered to assess cystoscopically for blue efflux. The
repair itself must be tension free and water tight. This is
achieved by adequate mobilization of the bladder prior to
closure, ensuring viability of the bladder tissue involved
(debriding when necessary), closing with absorbable suture
in multiple layers, and, in some cases, placement of pedicled
interposition or advancement flaps of well-vascularized
tissue (e.g. Martius labial graft, omentum, peritoneum)."

Transabdominal repair of a bladder laceration requires a
conventional two-layer closure. If the injury is located near
the trigone, then ureteric involvement needs to be assessed.
This can usually be adequately performed by direct visual
ization through a large cystotomy, otherwise the cystotomy
may need to be extended to allow better visualization. When
the laceration is large or located near the vaginal cuff,
interposition tissue should be placed. Omentum" or peri
toneum'" (including preperitoneum) can be mobilized and
anchored with interrupted sutures to cover the bladder
closure. A large-bore suprapubic catheter is placed through
a separate cystotomy and secured to the bladder adventitia
with fine absorbable suture prior to closure of the bladder
injury. An extravesical closed suction drain is left in place
for a short period postoperatively to monitor for any urine
leakage.

For transvaginal repairs, the first step is placement of a
small (approximately 10 F) Foley catheter into the bladder
via the cystotomy in order to provide traction and exposure.
A guidewire may facilitate passage of the catheter and is left
in place to prevent loss of the tract if the Foley catheter is
lost inadvertently. A suprapubic catheter is placed using a
Lowsley rerractor" as the bladder may not be easily dis
tended to allow for a suprapubic punch catheter placement.
Margins of the cystotomy are identified and tagged with fine
surure or grasped with Allis clamps to better assess the
extent of injury (Fig. 23.3). Debridement of devitalized
tissue is rarely required. To facilitate a tension-free closure,
the adjacent bladder wall is mobilized from the vaginal
tissue. The closure is then performed in two layers. For the
first mucosal layer, 5-0 absorbable suture is run from the twO

extremities of the cystotomy toward the middle. Water
tightness is checked at this point by distending the bladder
with fluid and, if the closure is adequate, the second layer is
closed using interrupted 3-0 absorbable suture in a direction
at right angles to the first to prevent overlapping suture lines.
Interposition tissue (e.g. fascia or Martius fat graft) may be
positioned between the repair and the vaginal wall closure in
cases of large injuries, extensive prior surgery or pelvic
radiation. As the final step, cystoscopy with intravenous
administration of indigo carmine is performed to ensure
ureteric patency.

Postoperative care is as important as a good repair. The
goal is to minimize tension on the repair to facilitate healing.
This requires a period of uninterrupted catheter drainage
(urethral and intraoperatively placed suprapubic) with
infection and bladder spasm prophylaxis with antibiotics
and anti muscarinic medications or belladonna and opioid
suppositories. Duration of catheterization varies according
to risk factors for poor healing: drainage for 5-7 days is
adequate in uncomplicated cases but after extensive injuries
or with a history of pelvic irradiation, a longer course is
required (10-14 days). Prior to catheter removal, healing can
be confirmed with a lateral-view cystogram. Adherence to
these principles minimizes the risk of secondary vesico
vaginal fistula.

URETERIC INJURY
Ureteric injury is reported to occur at a higher rate in pelvic
reconstructive procedures for prolapse and incontinence
compared to general urogynecologic procedures. Rates of
1.7-4.9% have been reported in reconstructive proce
dures,6,35,36,43 compared to 0.03-2% for benign gynecologic
conditions.T" Rates of ureteral injury during specific
techniques, such as uterosacral vaginal vault suspension and
Burch bladder neck suspension, vary widely depending on
the series, with reported rates of 1-11 % 49,50 and 0-10% 35,51

respectively. The anterior colporrhaphy, not traditionally
thought to place the lower urinary tract at high risk, has been
associated with a 2% risk of ureteric injury." Although
ureteric injuries are relatively much less common compared
to bladder injuries, sequelae, particularly in cases of delayed
diagnosis, are potentially much more severe and include
obstructive nephropathy with kidney loss, fistula formation,
and urosepsis. Intraoperative detection and repair of injuries
reduces morbidity significantly.V'?"

The most common mechanisms of ureteral injury include
ligation and angulation/kinking by a sumre.55,56 Less
common are laceration, transection (Fig. 23.4), excision, and
devascularization (e.g. cautery injury resulting in delayed
necrosis). Although several risk factors for ureteric injury
have been proposed.V including excessive scarring due
to prior surgeries, endometriosis or pelvic inflammatory dis
ease and excessively distorted anatomy due to large cysto
cele, uterus or adnexal mass, some reported series of pelvic
reconstructive procedures have failed to identify any
parameters predicting those at risk." Indeed, it has been
suggested that it is in those procedures considered "routine"
or "technically uncomplicated" that injuries are more likely
to be unsuspected and unrecognized.35,43,48 For this reason,
the utmost vigilance is required in all cases regardless of the
absence or presence of obvious risk factors.

A sound knowledge of normal ureteral anatomy as well
as possible congenital or acquired variations in anatomy
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Figure23.3 Transvaginal bladder injury during removal of a cadaveric fascial pubovaginal sling for persistent stress incontinence.
(A) Anteroposterior view from a standing VCUG showing a filling defect indenting the left bladder neck (arrow). (B)The sling material
was traced left of the bladder neck and after removal, a left-sided cystotomy was observed. [inset excised sling specimen) (e) A Foley
catheter was inserted through the bladder defect to provide traction and occlusion of the injury for bladder filling required during
suprapubic tube placement. (0) First layer closure: sutures were placed at the extremities of the defect and run towards the middle.
(E) Second layer closure: interrupted perivesical Lembert sutures were placed at right angles to the first layer. (F) Completion of the
planned autologous fascia sling procedure covering the defect repair. 289
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Figure23.4 Ureteric transection. Intraoperative consultation for suspected ureteric injury during a difficult abdominal hysterectomy for a
very enlarged fibroid uterus. At cystoscopy no ureteric efflux or peristalsis of the left ureteric orifice was observed. Retrograde passage
of a catheter met with resistance at 2 cm proximal to the ureterovesical junction. (A)The proximal ureter was identified at the level of the
iliac vessels and traced distally to the site of transection (single arrowhead, distal ureter; double arrowhead, proximal ureter). (B) Given
the close proximity of the bladder, an extravesical Lich-Gregoir ureteric reimplantation was performed.

270

will allow the surgeon to identify the ureter at predictable
locations intraoperatively, usually without formal dissection.
Although the use of preoperative imaging has been sug
gested as a means of identifying preexisting ureteral abnor
malities, this strategy has not shown a significant reduction
in intraoperative injury in routine hysterectorny.P'" Still,
preoperative imaging may be advisable when adverse
surgical conditions are anticipated; examples include pelvic
masses, pelvic inflammatory disease, prior ureteral injury,
previous irradiation, known solitary kidney or renal
anornalies/" Additionally, ureteric stent placement at the
time of surgery can help.

Anatomic studies have determined the proximity of the
ureter to specific anatomic landmarks and d~tortion

produced by certain surgical procedures (Fig. 23.5)~wo of
the most common sites of ureteric injury are at the
infundibulopelvic ligament/ovarian fossa, between the
posterior peritoneum and the hypogastric vessels (medial
umbilical ligament), and dorsal to the uterine artery and
lateral to the cervix at the base of the broad ligament. The
ureter is also at risk of injury along the lateral pelvic side
wall above the uterosacral ligaments and through the tunnel
in the cardinal ligament where the ureter turns medially
anterior to the vaginal fornix to enter the bladder. During
anterior colporrhaphy, the ureter is located at a mean of
0.9 em from anterior colporrhaphy plication sutures and a
mean of 1.0 em from the infundibulopelvic ligament when
the tube and ovary are removed." Cadaveric dissection has
shown the mean distance from the ureter to uterosacral
ligament to be 0.9, 2.3, and 4.1 ern in the cervical, inter
mediate, and sacral portions of the uterosacral ligament
respectively." Based on computed tomography studies, the

ureter is located on average 2.3 cm lateral to the cervix
except in 12% of examinations in which the distance was
0.5 em or less,"

While prevention of an unintentional ureteric injury is
the ultimate goal, a far greater error than the injury itself is
failure to recognize it. Higgins is frequently quoted as stating
this in 1967: "The venial sin is the injury of the ureter, but
the mortal sin is the failure of recognition/'" Although 30
years later, a 1997 educational bulletin of the American
College of Obstetricians and Gynecologists continued to
advise that "both ureters and bladder should be inspected to
confirm their integrity" at the conclusion of gynecologic
surgery," specific recommendations are not provided and
there is no apparent consensus among surgeons.

Intraoperative methods to identify injuries include direct
visualization, retrograde pyelography, cystoscopy with
intravenous indigo carmine or methylene blue, and intra
venous pyelography (IVP). When attempting to identify an
area of ureter directly, palpation and recognition of the
typical peristalsis may be sufficient. Although palpation
is relatively easier in abdominal as compared to vaginal
approaches, some have advocated palpation as a reliable
technique in vaginal approaches as well,47,49,64 although this
is debated." The ureter is said to be easily palpable trans
vaginally in the 10 or 2 o'clock position after opening the
anterior cul-de-sac during vaginal hysterectomy. Placement
of ureteral catheters (usually 5-6 F whistle-tip) has been
advocated as a means of facilitating ureteral identification
as well as identification of injuries. Patients with conditions
tending to distort the trigone, such as large cystoceles or
prior anterior colporrhaphy, may benefit from this strategy
although stent placement in itself may be challenging. The



Figure 23.5 Anatomic studies have determined the proximity of
the ureter to specific anatomic landmarks and distortion produced
by certain surgical procedures. Common site of ureteral injury.
(A) Division of the gonadal vessels and infundibulopelvic ligament.
(8) Resection of adnexal masses adherent to the ureter within the
broad ligament. (e) At the apex of the obturator fossa in pelvic
lymphadenectomy. (D) Division of the lateral ligaments of the
rectum in abdominoperineal resection. (E) Division of inferior
mesenteric vessels in sigmoid resection. (F) At pelvic brim during
vascular bypass procedures. (G) Division of the uterine artery
during hysterectomy. (H) At the lateral vaginal fornix, entry into
trigone of the bladder during hysterectomy and vaginal
procedures.

stem must be removed at the end of the procedure and blue
efflux documented as the course of a ureter can be kinked
or deviated even with a stent in place. If more extensive
dissection is required to identify the ureter abdominally,
particularly near the bladder pedicles or paracervical region,
attempts should be made to limit dissection to the anterior
and medial aspect to minimize potential devascularization.
Retrograde pyelography using a cone-tip ureteral catheter
via cystotomy or cystoscopy is probably the most accurate
method to identify a ureteric injury as the collecting system
can be filled and distended reliably. An on-table IVP can be
performed using 1-2 cc/kg iodinated contrast and taking

URETERIC INJURY I

5- and 15-minute films; however, it should be noted that a
"limited" or "one-shot" IVP has poor sensitivity of only 20%
whereas that for a complete series is 80-100%.65 In the
operating room, circumstances for obtaining good images
are never ideal and this approach may be insufficient to
provide a definitive answer in this setting.

Routine intraoperative cystoscopy with intravenous dye
to screen for unsuspected ureteric injuries in gynecologic
and pelvic reconstructive procedures has been advocated by
some as mandatory in all cases,35,43,66,67 while others have
recommended only its selective use.57,68 Indeed, it has been
argued that the rate of preexisting ureteral obstruction
or other abnormalities may be more common than intra
operative injury'" and that very low overall rates of ureteric
injury do not justify an additional procedure that will only
very rarely change management. At the same time, others
argue that cystoscopy adds little time and no morbidity to
the procedure and, taking into account the complexity of
complications when not recognized and repaired immedi
ately, is likely cost-effective as has been demonstrated in a
decision analysis model evaluating the utility of cystoscopy
in hysrerectomy.'" The technique involves administration of
either indigo carmine or methylene blue intravenously
approximately 10-15 minutes prior to cystoscopy. It should
be noted that indigo carmine is preferred as it appears in the
urinary tract more promptly than methylene blue and does
not reduce oxygen saturation, which can occur with
methylene blue. Ureteric efflux of blue dye should be brisk
in cases of ureteric patency (provided hydration status is
adequate); slow or no efflux should prompt further inves
tigation or revision of the repair. Cystoscopy should be
performed prior to finalizing any repair (e.g.cutting ties and
sutures, closing incisions) rather than as the final step, and
may be required multiple times in complex reconstructive
procedures, so as to facilitate "taking down" the repair if a
ureteric injury is detected. The majority of intraoperative
interventions consist of simply removing or replacing
sutures, rather than more complex urologic procedures.

The mechanism of injury and location on the ureter will
direct intraoperative intervention. In cases of ureteric
ligation, removal of the suture may be all that is required.
Crush injuries from clamps should usually be stented and
drained; rarely, removal of the clamp is all that is required. If
viability is in question, then the injured ureter is excised and
ureteric reimplantation or end-to-end anastomosis is
performed depending on distance of the injury from the
ureterovesical junction.

Ureteroneocystostomy is appropriate for distal ureteric
defects of up to 5 em, while a psoas hitch or Boari flap
combined with reimplantation will bridge gaps of 5-10 em
and 10-15 em, respectively.69,7o As a rule, ureteroureteros
tomy is not recommended below the level of the internal
iliac vessels due to concern regarding the distal segment 271
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blood supply. Ureteral laceration and excision injuries are
repaired based on the level of injury. Usually little or no
ischemic injury occurs unless cautery was used. If a ureteric
injury consists of a partial laceration, then closure with fine
absorbable suture along with ureteric stenting and external
drainage may be appropriate; however, in distal injuries of
this type, reirnplantation with stenting and drainage is
usually the simplest, most reliable option. Devascularization
injuries can result in delayed necrosis with fistula formation
in 10--14 days. If devascularization is a concern, ureteric
debridement and repair should be performed, whereas if
equivocal, consideration should be given to stenting and
coverage with omentum or peritoneum. While the excep
tion, extensive ureteric loss may require more complex
urologic reconstruction; options include transuretero
ureterostomy, ileal ureteral substitution/interposition (Fig.
23.6), autotransplantation, and nephrectomy."

URETHRAL INJURY
Urethral injury in pelvic reconstructive procedures is very
rare and more likely to occur in transvaginal rather than

Figure23.6 Ureteric replacement. Ureteric injury at the level of the
infundibulopelvic ligament resulting in a long ureteric stricture.
Intraoperatively, dense periureteral scarring extended proximal
and distal to the site of injury. Poor anesthetic bladder capacity
and extended length of ureteric disease precluded repair using a
Boari flap. Thus, an ileal-ureteric interposition was elected. IVP
1 year postoperatively demonstrates the ileal interposition and
normal upper tracts bilaterally.

abdominal procedures. In transvaginal procedures, injury
most commonly occurs during dissection between the ante
rior vaginal wall and periurethral fascia. Diverticulectomy
occasionally can result in a large urethral defect. Trocar or
needle passage during antiincontinence procedures may also
injure the urethra.

During anterior vaginal wall dissection, identification of
the correct plane between the vaginal wall and periurethral
fascia can be facilitated by submucosal infiltration with
normal saline, dilute epinephrine or local anesthetic solu
tions. The periurethral fascia is characterized by subtle
white glistening tissue that does not bleed easily, while
dissection that penetrates this layer into the spongy
periurethral tissue produces bleeding readily. If it is unclear
whether an injury has penetrated the full urethral thickness
simply by inspecting for the transurethral catheter, either
urethroscopy using a ~30o lens or pericatheter instillation of
blue dye through a 5 F feeding tube or small intravenous
catheter will facilitate the diagnosis. During abdominal cases
in which dissection or suture placement occurs near the
urethra (e.g. retropubic bladder neck suspension, urethroly
sis), palpating the urethral catheter and balloon facilitates
identification of the urethra and bladder neck.

Superficial urethral injuries (i.e. into the spongy peri
urethral tissue, but not through the mucosa) sustained
during transvaginal procedures should be closed imme
diately using fine absorbable suture to reappose the
periurethral fascia. The dissection can then be redirected
to avoid reentry into the same space. If injuries are full
thickness, they should be repaired in layers over a urethral
catheter (14-16 F) or metal sound using running fine (5-0
or 6-0) absorbable suture for the mucosa and periurethral
fascia/muscularis. Tensionless, nonoverlapping suture lines
are important. Large defects may also require placement of
interposition tissue such as fascia and/or Martius labial fat
graft," Water-tightness after repair should be confirmed by
retrograde pericatheter urethral filling or gentle urethro
scopy. Postoperatively, a silastic catheter is left in situ for
approximately 3-4 weeks and strong consideration should
be given to placement of a suprapubic catheter to optimize
diversion of urine away from the site of injury.

BOWEL INJURY
Bowel injury during pelvic reconstructive procedures is
extremely rare. Retropubic trocar or needle placement may
perforate bowel and result in potentially life-threatening
peritonitis if not recognized intraoperatively. This compli
cation has been described in multiple case reports in the
midurethral sling literature, in particular the TVT.31

,72- 76 It
has been suggested that the obturator approach for vaginal
tape placement will minimize the risk of visceral perfora
tion. Bowel perforation is also described following supra-



pubic bladder catheter placement.
To avoid these injuries, it is important to identify patients

in whom prior abdominal surgery may have resulted in
bowel fixation in the pelvis or adherence to the lower
abdominal wall. Selective preoperative cross-sectional
imaging might help identify those at risk. For all patients,
steep Trendelenburg positioning will help mobilize small
bowel cephalad. For retropubic needle or trocar passage,
direct fingertip guidance reduces the risk of injury. The
entry site for needle and trocar passage should very closely
approximate the posterior aspect of the pubis. A suprapubic
catheter entry site should be no more than 3 ern proximal to
the edge of the symphysis pubis and the catheter should
be directed at an angle of approximately 30° from the
abdominal wall into a distended bladder. Use of a Lowsley
retractor and placement of the catheter under cystoscopic
control will also minimize the risk of injury,"

Transvaginal procedures in which bowel injury may
occur include rectocele and enterocele repair. A rectal
injury rate of 0.5% was reported in a series of vaginal
hysterectomies, of which 69% included posterior repair,"
Prior posterior repair was identified as a risk factor for injury,
occurring in 25%, compared to 2.5% of those without
injury. In all cases, injuries were recognized and repaired
immediately intraoperatively using a two-layer closure
without drain placement. Prevention of rectal injury is aided
by packing the rectum prior to the procedure or using an
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Christopher R Chapple and Richard Turner-Warwick

Aspects of the Management of
Congenital Abnormalities of the
Female Genital Tract

INTRODUCTION
In this chapter we will discuss vaginal and urethral anom
alies and the management of the vesicorectal fistula.
Abnormalities of the uterus are a very specialized group of
conditions which fall outside the remit of urologic practice.

EMBRYOLOGY
During the fifth week, primordial germ cells migrate from
the yolk sac along the dorsal mesentery to populate the
mesenchyme of the posterior body wall near the 10th
thoracic level. In both sexes, the arrival of primordial germ
cells in the area of future gonads serves as the signal for the
existing cells of the mesonephros and the adjacent celomic
epithelium to proliferate and form a pair of genital ridges just
medial to the developing mesonephros. During the sixth
week, the cells of the genital ridge invade the mesenchyme
in the region of future gonads to form aggregates of sup
porting cells called primitive sex cords. The primitive sex
cords subsequently invest the germ cells and support their
development. The genital ridge mesenchyme containing the
primitive sex cords is divided into cortical and medullary
regions. Both regions develop in all embryos but after the
sixth week they pursue different fates in male and female
embryos.

During this time, a new pair of ducts, called the
pammesonepbric (mill/man) ducts, begins to form just lateral to

the mesonephric ducts in both male and female embryos.
These ducts arise by craniocaudal invagination of thickened
celomic epithelium, extending all the way from the third
thoracic segment to the posterior wall of the developing
urogenital sinus. The caudal tips of the paramesonephric
ducts are adherent to each other as they connect with the
urogenital sinus between the openings of the right and left
mesonephric ducts. The cranial ends of the paramesonephric
ducts form funnel-shaped openings into the celomic cavity
(the future peritoneum).

In female embryos, the mesonephric (wolffian) ducts
degenerate and the paramesonephric (miillerian) ducts give
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rise to the fallopian tubes, the uterus, and the upper two
thirds of the vagina. The remnants of mesonephric ducts are
found in the mesentery of the ovary as the epoophoron and
paroophoron, and near the vaginal introitus and antero
lateral vaginal wall as Gartner's duct cysts. The distal tips of
the paramesonephric ducts adhere to each other just before
they contact the posterior wall of the urogenital sinus. The
wall of the urogenital sinus at this point forms a small
thickening called the sinusal tubercle. As soon as the fused
tips of the paramesonephric ducts connect with the sinusal
tubercle, the ducts begin to fuse in a caudal-to-cranial direc
tion, forming a tube with a single lumen. This tube, called
the uterovaginal canal, becomes the superior portion of the
vagina and the uterus. The unfused, superior portions of
the paramesonephric ducts become the fallopian tubes
(oviducts), and the funnel-shaped superior openings of the
paramesonephric ducts become the infundibula.

While the uterovaginal canal is forming during the third
month, the endodermal tissue of the sinusal tubercle in the
posterior urogenital sinus continues to thicken, forming a
pair of swellings called the sinovaginal bulbs. These structures
give rise to the lower third of the vagina. The most inferior
portion of the uterovaginal canal becomes occluded tran
siently by a block of tissue called the vaginalplate. The origin
of the vaginal plate is not clear; it may arise from the
sinovaginal bulbs, from the walls of the paramesonephric
ducts, from the nearby mesonephric ducts or from a com
bination of these tissues. The vaginal plate elongates
between the third and fifth months and subsequently
becomes canalized to form the inferior vaginal lumen.

As the vaginal plate forms, the lower end of the vagina
lengthens and its junction with the urogenital sinus migrates
caudally until it comes to rest on the posterior wall of the
definitive urogenital sinus (future vestibule of the vagina)
during the fourth month. An endodermal membrane tem
porarily separates the vaginal lumen from the cavity of the
definitive urogenital sinus. This barrier degenerates partially
after the fifth month but its remnant persists as the vaginal
hymen. The mucous membrane that lines the vagina and 279



CHAPTER 24 • MANAGEMENT OF CONGENITAL ABNORMALITIES OF THE FEMALE GENITAL TRACT

zo
[::
u
~
IZl

280

cervix may also derive from the endodermal epithelium of
the definitiveurogenital sinus.

The early development of the external genitalia is similar
in both sexes. Early in the fifth week, a pair of swellings
called cloacal folds develops on either side of the cloacal
membrane. These folds meet just anterior to the cloacal
membrane to form a midline swelling called the genital
tubercle. During the cloacal division into the anterior uro
genital sinus and the posterior anorectal canal, the portion of
the cloacal folds flanking the opening of the urogenital sinus
becomes the urogenital folds and the portion flanking the
opening of the anorectal canal becomes the analfolds. A new
pair of swellings, called the labioscrotal folds, then appears on
either side of the urogenital folds.

The most popular hypothesis of external genital develop
ment is based on work performed in the early part of the
20th century. Inherent to this type of analysis is that many
of the conclusions are speculative and unproven in terms
of mechanistic validity. The cavity of the urogenital sinus
extends onto the surface of the enlarging genital tubercle in
the form of an endoderm-lined urethral groove during the
sixth week. This groove becomes temporarily filled by a
solid endodermal structure called the urethral plate which
disintegrates and recanalizes to form an even deeper
secondary groove. In males, this groove is relatively long and
broad, whereas in females it is shorter and more sharply
tapered. In both sexes, an ectodermal epithelial tag is at that
time present at the tip of the genital tubercle. The genital
tubercle elongates to form the phallus and a primordium
of the glans clitoris and glans penis is demarcated from the
phallic shaft by a coronary sulcus. The appearance of the
external genitalia is similar in male and female embryos up
until the 12th week.

VAGINAL ANOMALIES
Varying degrees of maldevelopment of the lower miillerian
duct system and others cause a variety of vaginal and para
vaginal problems. Naturally, when the uterus is present and
there is vaginal occlusion, a hydrocolpos develops in infancy
and, if this is not identified, it becomes a hematocolpos
at puberty. The cecolovaginoplasty procedure was in fact
originally developed for resolution of this particular situa
tion because it obviated not only the undesirable need for
regular dilation during adolescence that "split-skin" sub
stitution required, but also the tell-tale donor-site scar that
naturally prompted embarrassing questions when wearing a
bathing costume.

Maldevelopment of the lower vaginal seg
ment. Maldevelopment of the lower vaginal segment
results in defects that range from an imperforate or abnor-

mally thick hymen to a lower segment agenesis. The upper
vagina mayor may not be normal. The importance of pre
serving the hymen is now always taken into account when
surgeons are preoccupied with complex paravaginal recon
structions or even minor procedures. Thus, when a young
patient has an intact hymen and a vaginal access procedure
is required, careful consideration should be given to its
preservation. When the periintroital skin is supple, an
acceptable reconstructive hymenoplasty may not be a par
ticularly difficult procedure but when there is local scarring,
it can become intricate. Fortunately there is usually ade
quate reasonably thick labial skin that can be redeployed but
to achieve a cosmetically acceptable outcome, a two-stage
procedure is sometimes required.

Disturbance of an intact hymen can be simply avoided by
a bimanual rectal examination of the pelvis. Simple endo
scopic vaginoscopy with an irrigating cystourethroscope
may provide a better view of the cervix and vaginal epithe
lium than a speculum. As a result of ultrasound examination,
hydrocolpos is more commonly identified in infants than it
used to be; previously hematocolpos was only diagnosed at
puberty. When this is due to a simple imperforate hymen,
since the diaphanous posterior crescenteric sector is the
most difficult part of the hymenal narrowing to reconstruct;
the situation can be relieved by a limited incision in the
anterior 12 o'clock sector that preserves the posterior
hymenal fourchette (Fig. 24.1). Similarly, a simple upwards
extension of an anterior-sector hymenotomy, into an ante
rior vaginotomy, provides good access for an intravaginal
procedure under direct vision. At the conclusion of the
procedure simple anterior suturing closes the vaginotomy
and reconstitutes the hymen. The anterior periintroital pre
vaginal approach to the urethra (Fig. 24.2) leaves both the
vagina and the hymen intact. A periinrroital prevaginal
approach can also be used in association with a high anterior
vaginotomy incision to achieve wide access to the vaginal
vault without a lower hymenointroital incision.

Labial flap inlay for lower segment vaginal
agenesis (Fig. 24.3). A distal agenesis of the vaginal wall
segment is often quite short; the upper vaginal segment is
commonly quite normal. When the labia minora are of
sufficient size they can be mobilized (Fig. 24.3A), flattened
by separating their folded layers (Fig. 24.38), and inlaid to

reepithelialize the circumferential defect resulting from
excision of the atretic segment (Fig. 24.3C).

Vaginal "pull-down" and "ring" substitution. Alter
natively the upper vaginal segment can be mobilized and
gently pulled down to a neo-introitus created by simple
infolding of the perineal or labial skin. This is often feasible
but occasionally, although the caliber of the upper vagina
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Figure 24.1 Limited incision in the anterior 12 o'clock sector that preserves the posterior hymenal fourchette.

Figure 24.2 The anterior periintroital prevaginal approach to the urethra leaves both the vagina and the hymen intact

-o

may be normal, its walls may be abnormally thin. When this
occurs the urethra may also be underdeveloped with a thin
sphincteric mechanism that is easily damaged during the
mobilization. This can result in a previously continent
patient becoming incontinent.

A partial vaginal "ring" substitution of the lower vagina is
occasionally necessary, using either a skin flap from the
thigh or a short bowel segment, according to the findings.

A vaginal substitution construction or reconstruction is
commonly indicated for congenital vaginal atresia and
intersex malformations.

Vaginal substitution: skin and amnion. The normal
adult vagina is a cavity some 10-12 ern deep and about three
fingerbreadths wide. Its walls are considerably elastic and it
is lined with stratified epithelium which, like buccal mucosa

281



zo
E::
u
~
V'J

282

CHAPTER 24 • MANAGEMENT OF CONGENITAL ABNORMALITIES OF THE FEMALE GENITAL TRACT

Figure24.3 When the labia minora are of sufficient size they can be mobilized (A), flattened by separating their folded layers (8), and
inlaid to reepithelialize the circumferential defect resulting from excision of the atretic segment (e).



from the mouth, is specially adapted to a "wet" environment.
A variety of options have been developed for substitution
vaginoplasty; the usual alternatives for its substitution lining
are either skin or bowel mucosa.

The earliest vaginal substitution procedures involved the
inlay of split-skin grafts mounted on a mold. The success
of these depended upon the frequent passage of dilators
postoperatively to prevent the natural tendency of such
grafts to contract, which is naturally an undesirable focus of
attention during early adolescence. Furthermore, the disfig
uring donor site of the graft can be a great embarrassment
for a girl when she is wearing a bathing costume because

VAGINAL ANOMALIES I

it naturally invites enquiry relating to the reason for the
operation.

Amnion was used for a while and this solved the "donor
site" problem but not the tendency to contraction. It was also
abandoned because of the potential pathogenic implications
of utilizing amnion.

A satisfactory and robust neovagina can be constructed
from a part of pedicled island skin flaps of suitable dimen
sions, raised and mobilized from the inner aspect of each
thigh and sutured together to create a neovaginal lumen of
appropriate caliber (Fig. 24.4). The longitudinal axis of the
donor sites of the island skin flaps can be either longitudinal

o

'------J

Figure 24.4 A satisfactory and robust neovagina can be constructed from pedicled island skin flaps of suitable dimensions, raised and
mobilized from the inner aspect of each thigh and sutured together to create a neovaginal lumen of appropriate caliber.
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along the thigh or circumferential, parallel with the skin
crease at the junction of the thigh and the pudenda. The
longitudinal thigh flaps can be myocutaneous, based on
the gracilis muscle, or fasciocutaneous, based on the pedicle
vessels coming through it. The inclusion of the gracilis
muscle under the island flaps is not necessary to ensure
their viability provided these are appropriately raised on the
performing vessels; indeed, this tends to make them unnec
essarily bulky when they are conjoined at their distal
extremity, at the apex of the neovagina. However, foreshort
ening of the length of the mobilized gracilis, and using it to
support just the base of the island flap but not its whole
extent, can facilitate and protect the mobilization of the
pedicle vessels. Circumferential island skin flaps are then
simply fasciocutaneous.

If the thigh skin is tight circumferentially then approxi
mation of the skin margins ofa longitudinal island donor site
may be somewhat difficult. Skin deficiency can be closed by
a skin graft but alternatively, the skin lateral to the donor site
can be prestretched by the preliminary insertion of a tissue
expanding balloon. A natural disadvantage of the pedicled
island skin vaginoplasty procedures is that the longitudinal
donor-site scars on the inner aspect of the thigh are very
obvious when wearing a bathing costume. The scar of a
circumferential donor site is considerably less obvious.

Bowel segment vaginal substitution: principles
and expectations. There are distinct advantages in using
a bowel segment substitution for a neovagina: the natural
habitat of its mucosa is wet, its vascularization can be
reliable, it is available to reconstruct a capacious vagina,
and the reconstruction can be achieved through a cosmetic
suprapubic V incision which can be concealed by a modest
bikini. The sexual function of a bowel vaginoplasty is
remarkably satisfactory. All bowel segments produce some
mucus and, when transposed, they continue to do so indefi
nitely. Naturally, therefore, patients who have a bowel
segment vaginoplasty have some discharge but this is clean,
clear mucus that is easily controlled by simple vaginal
douching which is particularly important when a relatively
long bowel segment is used. It is, however, essential that
patients are warned of this as a possibility preoperatively
with appropriate counseling.

The sigmoid colon was used for the earliest bowel
segment vaginoplasty procedures but compared with the
right colon, it has disadvantages.

• The musculodynamic activity of the left colon is con
siderably greater than that of the cecocolon on the
right and this tends to result in a lumen that is
considerably narrower than that of a normal vagina.

• When a left colonic segment is used for a vaginoplasty
it may be advisable to "derubularize" it by a folded

reduplication procedure in order to avoid the regular
ongoing neovaginal self-dilation that is necessary to
maintain an appropriate caliber unless this is achieved
by regular sexual activity.

• The left colon is prone to intrinsic abnormalities, such
as diverticulitis, that may preclude its use.

• The restoration of colonic continuity requires careful
preoperative bowel preparation and, compared with
ileocolic anastomosis, colocolic anastomosis is rela
tively unreliable and prone to complications.

• Although the pedicle vessels of the sigmoid colon are
almost always sufficiently mobilizable to enable one
end of the segment to reach the perineal skin, their
configuration may prevent both ends of a detubularized
segment reaching it with sufficient vascular perfusion
to prevent ischemic stenosis of the neo-introital
anastomosis.

There are many positive advantages in using the right colon
segment of the large bowel for vaginoplasty in preference to
the sigmoid colon on the left.

• The relatively large diameter of the cecum approxi
mates to that of the normal vagina and its use for
vaginoplasty is rarely compromised by intrinsic inflam
matory pathology such as diverticulitis.

• The musculodynamic activity of the cecum is rela
tively low compared with that of the sigmoid colon,
with a minimal intrinsic tendency to become narrow
and develop a contracture. Thus neither detubular
ization nor regular postoperative self-dilation routine
is usually required to prevent a cecolovaginoplasty
narrowing.

• Because the pattern of the main blood vessels of the
cecum and of the right colon is remarkably constant
and reliable, their surgical mobilization and transpo
sition is simple and relatively easy.

Thus a particular advantage of a large-caliber cecal bowel
segment substitution lying within a large-caliber neovaginal
tunnel is that it is generally "stable" and rarely requires
routine postoperative dilation. When a cecolovaginoplasty
(Fig. 24.5) is used in childhood to resolve a hydrocolpos or
hematocolpos, there is a fair expectation that the neovagina
will have an acceptable caliber a few years later when the
patient becomes adult, without an interim dilation routine.

It is easy to underestimate the length of the ascending
colon that is required to enable its upper end to reach the
perineum easily, without tension, when the cecolic segment
is inverted. The transection of the ascending colon and its
ascending vessels (Fig. 24.5A,B) should be high enough to
ensure that a small, well-vascularized excess of this hangs
out of the perineum (Fig. 24.5C) so that it can be trimmed
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Figure 24.5 When a cecolovaginoplasty is used in childhood to resolve a hydrocolpos or hematocolpos, there is a fair expectation that
the neovagina will have an acceptable caliber a few years later when the patient becomes adult, without an interim dilation routine.
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back to create the neo-introirus (Fig. 24.50-F). If a segment
of insufficient length is taken (Fig. 24.50), tension and
hypovaseularization risk the ischemic loss of its subterminal
section (Fig. 24.50) and the development of introital
stenosis.

The complications of cecolovaginoplasty tend to be few.
As with any bowel segment substitution that reaches the skin
surface without tension, it is occasionally necessary to resect
a subsequent prolapse of a redundant length by a simple
circumcisional procedure with introital reanastomosis.

The rectal segment vaginoplasty has "been described
with restoration of colonic continuity by anastomosing the
sigmoid colon to the lower rectum (Fig. 24.6). The particular
advantagesof this procedure are that the rectum is relatively
capacious so that detubularization is not necessary, and the
rectal segment and its inferior hemorrhoidal vascular pedi
cle require minimal mobilization to achieve the translo
cation. However, the restorative coloanal anastomosis is
relatively difficult compared to ileocolic anastomosis, and
particular care is required to avoid suture-line leakage.

Figure 24.6 The rectal segment vaginoplasty has been described
with restoration of colonic continuity by anastomosing the
sigmoid colon to the lower rectum.

VAGINAL ANOMALIES I

DEVELOPMENT AND PREVENTION OF NEOVAGINAL

INTROITAL NARROWING, Two distinct forms of narrowing
can develop at the introitus after a bowel substitution
vaginoplasty.

Type 1: junction-n'ng stenosis (Fig. 24.7A-C). Simple type 1
anastomotic stenosis arises from short mucocutaneous
junctional narrowings (Fig. 24.7A). These are generally
preventable by avoiding a circumferential ring-form of the
anastomosis of the neovaginal bowel to the nee-introitus by
a simple V-shaped skin inlay. Because a type 1 stenosis is
short, it is usually easy to resolve, either by a series of simple
recalibrating dilations (Fig. 24.7B) or by a minimal skin inlay
introitoplasty revision (Fig. 24.7C).

Type2: lining-defect stenoses (Fig. 24.70-H). A type 2 stenosis
is longer and relatively severe (Fig. 24.70). This type of
supraintroital narrowing is generally the result of a
continuity defect gap between the distal extremity of the
viable length of the neovaginal bowel segment and the neo
introital skin. It is usually due to the ischemic loss of the
distal centimeters of the neovaginal bowel segment owing to
a terminal vascular deficiency, but it can also result from
tension and separation of the introital suture line. The usual
situation is that a few centimeters of the lower wall of the
neovaginal tunnel has neither a bowel lining nor a skin
lining; the natural healing process of this "bare area" results
in rapid occlusion of its lumen and the development of a
dense fibrotic stenosis, the length of which is that of the
distal continuity defect (Fig. 24.7E).

Neither the development nor the process of this type of
healing occlusion can be prevented by the repeated passage
of recalibrating dilators postoperatively. A type 2 stenosis is
preventable by ensuring adequate vascularization of the
distal margin of an adequate length of the neovaginal bowel
segment. The resolution of a type 2 introital stenosis gen
erally requires remobilization of the distal end of the viable
bowel segment (Fig. 24.7F), its "pull-down" (Fig. 24.7G) and
its reanastomosis to the neo-introital skin (Fig. 24.7H). The
normal elasticity of the bowel wall usually makes this a
relatively simple perineal-approach procedure.

A formal vaginal pack is not required to maintain the
caliber of a bowel segment neovagina. Indeed, this can be
counterproductive if the vascular perfusion of the subter
minal bowel wall is marginally precarious because a pack
can compress it against the wall of the neovaginal tunnel
and this can actually contribute to the failure of the blood
supply which is the basic cause of a type 2 supraintroital
stenosis. However, a very light pack, for a day or two, may
prevent the early accumulation of a venous ooze outside the
cecovaginoplasty from the wall of a capacious neovaginal
tunnel.
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Figure24.7 (A-C)Type 1: junction-ring
stenosis. (D·H)Type 2: lining-defect
stenoses.



Developmental rectovaginal fistulae and anorec
tal atresia (Fig. 24.8). Development anorectal atresia
results in a deficiency of the anal sphincter mechanism and
rectovaginal fistula (Fig. 24.8A). The separation of the fistula
(Fig. 24.8B) and the simple rectal pull-through in infancy
that used to be the routine procedure for developmental
rectovaginal fistula naturally resulted in a simple anterior
perineal colostomy (Fig. 24.8C,D); the patient has no sen
sation of the passage of a motion until this reaches the

VAGINAL ANOMALIES I

perineal skin and in this position there is no adjacent func
tional anal pelvic floor musculature that could possibly
control its discharge. Such a perineal colostomy is inevitably
incontinent but, understandably, some young women prefer
to persist in the endeavor to control and manage a colostomy
in this position rather than have it relocated on the abdom
inal surface.

Pelvic floor stimulation studies often show some con
tractile activity in the posterolateral margin of the under-

Figure 24.8 Developmental rectovaginal fistulae:
anorectal atresia.
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The mainstay of the practical management of an incon
tinent colostomy, perineal or abdominal, is the ACE (ante
grade colonic evacuation) continent cecostomy procedure
which enables a daily "wash-out" of the whole colon to be
achieved by a' simple antegrade irrigation using a catheter
izable leak-proof stoma.

DEVELOPMENTAL ABNORMALITIES OFTHE
FEMALE URETHRA
Developmental abnormalities of the female urethra natu
rally compromise its intrinsic sphincteric function to a
varying extent and it is this that determines whether the
patient is continent or incontinent. The great majority of
these abnormalities present in childhood and their treatment
is addressed in pediatric urologic texts: however, some may
not present until the patient becomes adult and these need
appropriate consideration.

Paraurethral Ucysts~ The surgical excision of para
urethral "cysts" can prove to be a trap for the unwary.
Although some sequenced elements of developmental duct
systems are indeed localized cysts, others are extensive.
Local excision of the lower end of an obstructed duplication
of the upper urinary tract is likely to result in a fistulous
ureteric drainage. When there is any doubt about the
situation, the extent of a paraurethral cystic lesion should be
assessed radiographically either by contrast imaging or by
MR scanning.

290

Figure24.8, cont'd

developed puborectal sling element of the levator muscle
(Fig. 24.8E). In such cases a marginal degree of muscular
control of a perineal colostomy may be potentially achiev
able by transposing it backwards (Fig. 24.8F), tight onto the
sling, and bringing the inner margins of this together in
the midline in front of it (Fig. 24.8G,H). The introduction
of an innervated pedicled patch of perineal skin into the
subterminal segment of a relocated sensory perineal
colostomy (Fig. 24.81-K) has been tried in an endeavor to
provide a sensory forewarning of the need for a voluntary
pelvic floor contraction (Fig. 24.8L) but this had only limited
success.

Subsphincteric ectopic ureteric discharge. The
great majority of females with incontinence due to a sub
sphincteric ectopic ureteric orifice present in childhood and
are appropriately treated then. It is, however, important to

, \

remember that a duplex system can escape identification
until the minor leakage becomes troublesome in adoles
cence. If the possibility of this is overlooked and imaging
of the upper tracts is not critically assessed, they are easily
missed. However, once identified, they are one of the easiest
and most satisfactory causes of incontinence to resolve.

The "short" urethra. A relatively "short" urethra is not
an unusual development anomaly but many of these have an
adequate functional sphincteric length, at least until this is
compromised by the natural hazards of childbirth when the
extent of the underlying anatomic anomaly is identified as a
result of the leakage.

Atretic vaginourethral fistulae (Fig. 24.9). When the
lower segment of the vagina is atretic, the vagina proximal
to this may have a developmental fistulous communication
with the urethra (Fig. 24.9A). An advantageous clinical side
effect of this is that the patient does not develop hemato-
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Figure 24.9 Atretic vaginourethral fistulae.
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colpos because she menstruates into the urethra. The sepa
ration of the vaginourethral communication (Fig. 24.98)
requires great care because both the vaginal wall and the
posterior midurethral wall are hypoplastic and thin. In such
cases there is usually a sufficiencyof proximal vaginal wall to
achieve a simple perineal "pull-down" vaginointroitoplasty
(Fig. 24.9C) but the urethral closure may be a more delicate
procedure. A supporting Martins interposition flap is
generally advisable.

When such a developmental fistula is associated with
the adrenogenital syndrome, the bladder neck sphincter
mechanism is often prominent and somewhat "male" in type.
The augmented occlusive function of this may reduce the
potential incidence of postoperative incontinence after
closure of the fistula.

Intrinsic sphincteric hypoplasia. It is unusual for a
patient with an intrinsic sphincteric hypoplasia but with an
otherwise intact urethra to present as an adult but it is
important to be aware of the possibility of this because it
can become unexpectedly troublesome. For instance, an
adult patient with the combination of vaginal atresia and a
hypoplastic intrinsic sphincter may have been urologically
asymptomatic and normally continent on the basis of a
precarious balance between a relatively underactive bladder
and a competent bladder neck mechanism but she may
become unexpectedly and disastrously incontinent after a

vaginal reconstruction as a result of simple separation of a
lower segment vaginal atresia from the atretic urethra. A
synchronous prophylactic sphincteroplasty may be required.

Urethral fusion defects. The commonest develop
mental anomalies of the urethra are simple fusion defects
which may be either anterior or posterior. In addition to the
actual fusion defect, the proximal part of the sphincter
mechanism is commonly underdeveloped and this can
compromise the result of a functional reconstruction.

Posterior fusion defects: hypospadias, urethro
vaginal, and vesicourethro-vaginal "cloacal" fis
tulae. Posterior fusion defects range from a minimal
hypospadiac urethral meatus upwards to involve the whole
length of the urethra or through the bladder neck to form an
extensive vesicourethro-vaginal "cloacal" defect, providing a
direct view into the bladder, with total incontinence which
naturally presents for treatment during childhood. When
the fusion defect does not include the bladder neck this may
be marginally competent so that, as in the mild degrees
of epispadias, the situation may escape identification until
adulthood.

The sphincteric deficiency associated with a urethro
vaginal "cloacal" fistula that extends up to the bladder neck
is not confined to its posterior aspect; a variable length of
the open anterior sphincteric wall is atretic. Thus, although 291
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a posterior reconstructive sphincteroplasty for the resolu
tion of this situation naturally involves the whole length
of the urethra, the functional efficiency of the result is usu
ally largely confined to the bladder neck area so that an
abdominoperineal reconstruction is generally advisable in
the endeavor to augment the competence of this by tubular
ization of the lower trigonal area with omental support.

SHORTCOMINGS OF THE CLOSURE OF URETHROVAGINAL
FISTULAE BY SUBSTITUTION URETHROPLASTY. The closure
of a fistulousurethrovaginal defect with an inert substitution
patch of pedicled vaginal wall or labial skin is functionally
misconceived. An inert patch does nothing to augment the
circumferential sphincteric closure pressure in its area;
indeed, it may actually diminish it. The fundamental prin
ciple of functional reconstructions of urethral defects
should be to retrieve and to circumferentially redeploy
every residual remnant of potentially functional sphincteric
muscle in a functional manner, rather than simply "elongate"
it with a functionless patch.

A reconstructive sphincteroplasty for a posterior urethro
vaginal developmental defect is difficult and often produces
a less than adequate result because its muscular component
is relatively thin and atretic (this is discussed further in
Chapter 22).

Urethral diverticula. Developmental urethral diverticula
are outpouchings of the urethral lining through its wall;
they are commonly single, the neck of the diverticulum is
variable in size, and it is usually located posteriorly in the
middle third of the urethra. When their communication with
the urethra is relatively large, they empty freely so they are
usually impalpable on clinical examination. Occasionally

they contain calculi or a tumor and when they drain poorly,
they may be mistaken, on clinical examination, for a simple
paravaginal cyst. These are discussed further in Chapter 22.

Anterior fusion defects: epispadias and ectopia
vesicae. Overt anterior fusion defects of the urethra and
bladder, ectopia vesicae, are naturally resolved in infancy.
However, minimal defects-the formes frustes of it-are
only apparent on close inspection of the genitalia so it is not
unusual for them to escape notice until adult life.

The urethral meatus may appear quite normal when the
defect is minimal but there is usually an occult defect of
the intrinsic sphincter mechanism above this which can
compromise its occlusive function and result in varying
degrees of incontinence. On examination, the diagnostic
feature of this situation is a bifid clitoris and, in the adult, a
small central patch ofhairless skin above it. Radiograghically
the pubic bones may approximate with an underdevelop
ment of the symphysis.

The patient illustrated in Figure 24.1 0 was asymptomatic
until she developed troublesome incontinence after her first
child. Without recognition of the nature of the problem, her
incontinence was initially treated by an anterior colpor
rhaphy and subsequently also by a Burch suspension without
significant improvement. In fact, her anterior sphincteric
fusion defect extended the whole length of the urethra and a
full-length anterior sphincteroplasty was required involving
a synchronous perineoretropubic approach, after which the
patient was normally continent and had further children
without any further incontinence problems. The charac
teristic hairless area of the forme fruste of the condition was
obvious (Fig. 24.10A) and the pubic symphysis defect was
minimal (Fig. 24.10B).

292 Figure 24.10 The characteristic hairless area of the forme fruste of the condition was obvious (A) and the pubic symphysis defect was
minimal (B).
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TECHNIQUE. With the patient in the supine perineo
abdominal position, the initial incision above the urethral
meatus is V-shaped with its apex starting at the margin of
the meatus and each limb extending up to the inner margin
of each half of the bifid clitoris (indicated in Figure 24.l1A
by the tips ofthe pick-up blades). The hairless skin is excised
in a diamond-shaped configuration.

The anterior aspect of the distal urethra is separated from
its adhesion to the back of the attenuated pubis or, if this is
deficient, from the fibrous interpubic band between its
medial ends.

The retropubic area is exposed using a suprapubic
incision via a cosmetic transverse incision to minimize the
extent of the skin incision which should be within the pubic
hair area; this provides a midline abdominal wall incision
underneath it to ensure that this can be upwardly extended
if necessary to achieve adequate mobilization of the omental

apron to provide appropriate supple "urodynamic" support
of the urethral reconstruction.

The bladder is opened by low midline incision so that the
patulous bladder neck can be seen (Fig. 24.11 B). A finger in
the urethra may facilitate its separation from the back of the
pubis with preservation of a maximum amount of peri
urethral tissue for the overdosure support of the reconstruc
tion. After the full-length mobilization of the upper urethra
from its anterior adhesion, the retropubic abdominoperineal
tunnel allows the urethra to drop back to increase the
surgical access to it.

The proximal and distal ends of the urethra are longi
tudinally retracted with stay sutures and the abnormally thin
anterior urethral wall of the urethra is opened longitudinally
in the midline. The width of the posterior uroepithelial
strip is reduced to about 15 mm and it is then a relatively
simple matter to overdose the remnants of the sphincter
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figure 24." Full-length anterior sphincteroplasty involving a synchronous perineoretropubic approach. Continued
293
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Figure 24.11,cont'd

mechanism in the posterior wall of the urethra around a
12 F stenting urethral catheter that is retained by a sling
suture (Fig. 24.11 C). A suprapubic catheter is inserted and
the bladder and abdomen are closed after prepositioning the
mobilized omentum in the retropubic space, the lower
extremity of which is included in the surures closing the
anterior perineal incision which approximates the margins
of the excised hairless skin area and the two halves of the
clitoris (Fig. 24.11 D,E).

Vaginorectal fistulae. Vaginorecral fistulae may result
from developmental abnormalities and the closure of the
rectal defect is generally the more difficult aspect of their
resolution, usually requiring a proximal diversion and colo
rectal expertise. The principles of surgical management are
as expounded elsewhere in this textbook (Fig. 24.12) with
the creation of an abdominoperineal runnel, the excision
of damaged tissue, and the interposition of omentum. As
detailed elsewhere in this chapter, a neovagina can be
created as required.

Figure 24.12 The creation of an abdominoperineal tunnel, the
excision of damaged tissue, and the interposition of omentum.
(Adapted from figures designed and drawn by RichardTurner
Warwick and Paul Richardson.)



Urinary Tract Infections
Naresh V Desireddi and Anthony J Schaeffer

CHAPTER

25
INTRODUCTION
Urinary tract infections (UTIs) represent one of the most
common infections in the United States and account
for nearly 1.2% of all office visits by women.' UTIs are
associated with significant morbidity and the financial
impact of UTIs is greater than $1 billion in the United
Stares.' Recent advances in the pathophysiology of UTIs,
including host and bacterial factors, have aided in iden
tifying patients with increased risk of recurrent infections
and complications. A systematic approach to diagnosis
and treatment results in successful eradication of infection
in the majority of patients and identifies high-risk patients
at risk for treatment failure. Such patients include elderly
women, pregnant women, and patients with chronic
indwelling catheters. Shorter treatment regimens and pro
phylactic therapy have reduced the morbidity of treating
infections.

PATHOGENESIS
As with other infections, UTIs represent the interaction
between an uropathogen and a host. An infection occurs
when a pathogen overcomes a host's natural barriers. Recent
advances in the elucidation of these interactions may aid in
the management of complicated UTIs.

Uropathogens usually originate from the fecal reservoir
and virulent organisms colonize the vagina, with subsequent
migration to the urinary tract.' The adherence of bacteria
to the mucosal surface of the urinary tract represents one
of the early initiating events of a UTI. This interaction is
mediated by bacterial adhesins located on the tip of fila
mentous appendages called pili." The pili are subdivided
into rnannose-sensitive (type 1) and mannose-resistant (P)
pili. They are defined by the ability to mediate the hemag
glutination of erythrocytes, with type 1 aided by the addi
tion of mannose. The adhesin Fim H on the tip of type 1 pili
plays an important role in most uropathogenic E. coli
adhering to the urothelium." Type 1 pili adhere to bladder
surface uroplakins, which are hexagonal arrays of integral

membrane glycoproteins," Mannose-resistant (P) pili are
found in most pyelonephrogenic strains of E. colt:7 Host cell
factors including increased vaginal cell receptivity aid in
uropathogen colonization. Initial studies revealed that uro
pathogenic strains of E. coli have increased adherence to
vaginal epithelial cells," Subsequent studies have showed an
association between vaginal cell receptivity and buccal cell
receptivity. These results suggest that a common genotypic
trait for epithelial cell receptivity may be an important
susceptible factor for UTIs.9

Many host defenses prevent UTIs in women, including
the flow of urine through the urinary tract, low pH of the
urine, neutrophil influx into the bladder, and secretory IgA.
Recent work has shown that type l-piliated uropathogens
can invade superficial epithelial cells and set up large foci
of intracellular bacteria called factories. Bacteria can form
intracellular niches and create a persistent, quiescent reser
voir. These reservoirs can persist for months undetected
because bacteria are not sloughed into the urine." These
reservoirs may be the foci for cystitis or bacteriuria in
patients with recurrent UTIs and may be resistant to the
usual treatment regimens of acute cystitis.

Hultgren and associates!' have recently discovered
intracellular bacterial biofilrn-like pods that protrude from
the bacterial surface. These structures are encased in a poly
saccharide matrix surrounded by a shell of uroplakin. While
encased within these pods, bacteria interact with the host's
surrounding matrix but lie hidden from the host's immune
system. They are thus resistant to the host's natural defenses
and antimicrobial therapy, while making an individual
susceptible to recurrent UTIs.

CLINICALTERMINOLOGY
A urinary tract infection is a clinical entity with various
symptoms and characterized by an inflammatory response
to the urothelium, often with pyuria and bacteriuria.
Bacteriuria is the presence of bacteria in the urine (Fig.
25.1), in what is usually a sterile environment. 297
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Figure25.1 Prevalence of bacteriuria with age. (Adapted from
Anderson GT, Palermjo JJ, Schilling JD, et al, Science
2003;301 :105-7.11

)

• isolated infections
• unresolved infections
• recurrent infections secondary to a reinfection
• recurrent infection secondary to bacterial persistence.V

DIAGNOSIS
The urinalysis (U/ A) and urine culture remain the key tests
during the work-up of a UTI. For the majority of patients
with uncomplicated cystitis, urine culture and susceptibil
ities are often not required. A traditional microscopic
examination of a U/ A on a wet mount or a urine dipstick for
leukocyte esterase and nitrites with clinical symptoms is
sufficient.l ' In most other circumstances, a urine culture
should be sent.

The accuracy of the U/ A and urine culture improves with
the collection method. In order of decreasing accuracy,
specimens can be obtained via suprapubic aspiration,
catheterization, and voided specimens." Catheterized and
voided specimens should be obtained from the midstream as
this reduces urethral contamination.

The microscopic urinalysis evaluates for bacteriuria,
pyuria, and hematuria and the dipstick checks for leukocyte
esterase and nitrites, indirect assays for inflammation and
bacteria respectively. The presence of bacteriuria can be
missed on a urinalysis when bacteria numbers are less than
30,000/ml because of the volume limitations of a slide. A
UTI is usually associated with pyuria and the lack of pyuria
should make the physician question the diagnosis until
culture results are back. The urine dipstick for leukocyte
esterase has sensitivities between 75% and 90% for detect
ing pyuria." Many gram-negative bacteria reduce nitrates to
nitrites in the urinary tract so urine nitrites can be used as a
surrogate marker for bacteriuria. Urinary nitrites have a low
sensitivity since some uropathogens do not reduce nitrates,
including enterococci and S. saphrophyticus.

Classically, the diagnosis of a UTI required a quantitative
urine culture greater than 100,000 colony-forming units
(CFU) of bacteria per ml of urine. This convenient number
has a few limitations. Twenty to 40% of women with symp
tomatic UTIs present with bacterial counts between 102 and
104 CFU/ ml of urine. This is likely secondary to frequent
urination prompted by irritation and the slow doubling time
of some bacterial species. A lower threshold of 100 CFU / ml
may be more appropriate for the diagnosis of cystitis in
symptomatic women,"

Radiologic imaging is usually unnecessary in the majority
of patients with a UTI but imaging does aid in the diagnosis
and management of complicated UTIs. The presence of

The elucidation of the infectious cause often requires
cystoscopic evaluation and localizing studies of the col
lecting system. Recurrent UTIs should be documented
with cultures. The symptoms associated with recurrent
UTIs may be similar to other disease entities like intersti
tial cystitis and carcinoma in situ. When cultures are
negative, these entities should be ruled out during the
work-up.

Onset ofsexual
intercoursU

• . . .... Prevalence probably declines atpuberty
and teen-age years before sexual activity

2

6

7

Isolated infections are characterized as a first UTI or
separated from a previous infection by at least 6 months. An
unresolved infection occurs when the initial therapy has
been insufficient to eradicate the initial uropathogen. Some
of the etiologies for unresolved bacteriuria include bacterial
resistance to the initial antimicrobial, development of
resistance, infection secondary to two different species,
azotemia, and giant staghorn calculi. Recurrent infections
are secondary to reinfection from outside the urinary tract
or secondary to bacterial persistence within the urinary
tract. The majority of recurrent infections in women are
reinfections from outside the urinary tract. The recurrence
of a UTI with the same organism points to a source within
the urinary tract, referred to as bacterial persistence.
Common sources of bacterial persistence include infectious
stones, unilateral infected atrophic kidneys, ectopic ureters,
urethral diverticulum, and foreign bodies.

Infections of the genitourinary tract are characterized as
uncomplicated or complicated. An uncomplicated UTI
represents an infection in a healthy patient with an anatom
ically and functionally normal genitourinary system. A
complicated UTI occurs in individuals with structural or
functional abnormalities of the urinary tract and in the
immunocompromised, which makes them susceptible to
infection and poor treatment outcomes.

Urinary tract infections can be classified into four
different subcategories:
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risk factors for urinary tract obstruction warrants imaging
studies, as antimicrobial therapy alone is insufficient to
eradicate the infection in this scenario. Some of these risk
factors include a history of kidney stones, ureteral strictures,
history of diabetes mellitus, and prior genitourinary surgery
(Box 25.1). The lack of a clinical response after 48-72 hours
of therapy also warrants imaging. The presence of foci of
bacterial persistence may be noted on the imaging study.
Renal ultrasound and CT scans are the most common
modalities currently utilized. A renal ultrasound can iden
tify hydronephrosis and is advantageous because it is non
invasive and utilizes no radiation or contrast. A CT scan
provides better anatomic detail and is more sensitive for
identifying renal and perirenal abscesses."

CLINICAL SPECTRUM
Urinary tract infections can range from acute cYStItIS
involving the lower urinary tract to pyelonephritis and frank
urosepsis. Acute uncomplicated cystitis is an inflammation
of the bladder and characterized by dysuria, suprapubic
pain, frequency, and urgency. Cystitis should be differen
tiated from other conditions in which dysuria is common,
including vaginitis and sexually transmitted diseases. Acute
pyelonephritis is a clinical syndrome of fevers, chills, and
flank pain along with bacteriuria and pyuria. Urine cultures
are usually positive but 20% of patients have less than 105

CFU / rnl." CT imaging is not indicated unless the patient
has a poor response to antimicrobial therapy or has risk
factors previously mentioned.

CLINICAL SPECTRUM I
Box 25.1 Indications for imaging

• Poor response to antimicrobial therapy after 48-72 hours

• History of nephrolithiasis, especially history of struvite
stones

• Predisposition to ureteral obstruction from stone,
stricture

• Papillary necrosis

• Neuropathic bladder

• History of urinary tract surgery predisposing to
obstruction (e.g. ureteral reimplantation or urethral
stricture disease)

• Polycystic kidney disease in hemodialysis patients

• Infection with unusual organisms like tuberculosis, fungi

• Diabetes mellitus

Adapted from Anderson GT,Palermjo JJ, Schilling JD, et al. Science
2003; 301:105-7."

Chronic pyelonephritis is a historical term and is a
radiologic and pathologic entity characterized by a con
tracted, atrophic kidney. Emphysematous pyelonephritis
(EP) is a necrotizing infection of the renal parenchyma by
gas-forming bacteria. EP is usually seen in diabetic patients
or individuals with impairment of renal function and was
associated with a mortality of up to 40% in the past. Most
patients have the classic triad of fever, vomiting, and flank
pain, and often appear acutely ill." The most common
organism identified is E. coli, with Klebsiella and Proteus also
noted/" The plain film often shows gas overlying the kidney,
but CT remains the diagnostic test of choice (Fig. 25.2).
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Figure 25.2 CT scan of emphysematous pyelonephritis. Kidney with air in parenchyma and collecting system from a gas-forming
bacteria, (A) hydronephrosis, and (B) psoas abscess.
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Table25.1 Common treatment regimens for UTls

. Condition Treatment regimens

Acute uncomplicated cystitis- TMP-SMX 160-800 mg b.i.d. x 3 d
oral therapy Ciprofloxacin 500 mg b.i.d. x 3 d

Enoxacin 400 mg q.d, x 3d
Levofloxacin 500 mg q.d, x 3 d
TMP 100 mg b.i.d, x 3 d
Nitrofurantoin 100 mg q.i.d, x 3 d
Norfloxacin 400 mg b.l.d, x 3 d

Acute uncomplicated cystitis TMP-SMX 160-800 b.i.d. x 7 d
(for symptoms longer than 7 d, Huoroqutnolone x 7 d (as above)
recent exposure to antibiotics,
history of diabetes, age
>65 yrs)-oral therapy

Acute uncomplicated TMP-SMX 160-800 mg b.l.d, x 10-14 d
pyelonephritis (outpatient)- Ciprofloxacin 500 mg b.i.d. x 10-14 d
oral therapy Enoxacin 400 mg q.d. x 10-14 d

Levofloxacin 500 mg q.d. x 10-14 d
Norfloxacin 400 mg b.i.d, x 10-14 d

Acute uncomplicated Ampicillin 1 g Q6h + gentamicin 1.5 mglkg Q8h
pyelonephritis (inpatient)- Ciprofloxacin 400 mg Q 12h
parenteral therapy Levofloxacin 500 mg q.d.

Ceftriaxone 1 g q.d.
Continue regimen until afebrile. then oralTMP-
SMX or fluoroqulnolone for a total of 14 days

Complicated UTls (outpatient)- Huoroqulnolone x 10-14 d (see above for
oral therapy doses)

Complicated UTls (inpatient)- Ampicillin 2 g Q6h + gentamicin 1.5 mglkg Q8h
parenteral therapy Ciprofloxacin 400 mg 12h

Levofloxacin 500 mg q.d,
Ceftriaxone 1 g q.d,
Ticarcillin-clavulanate 3 g Q 8h
Imipenem-eilastatin 500 mg Q~h
Aztreonam 1 g Q8h
Continue regimen until afebrile. then oral
fluoroQuinolone for a total of 14-21 d

Urosepsis-parenteral therapy Ampicillin 2 g Q6h and gentamicin 1.5 mglkg Q8h

Adaptedfrom Anderson GT. PalermjoJJ. Schilling JD. et al. Science 2003;301 :105-1O'Z"
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Renal abscesses are severe complications from a UTI.
A carbuncle representing a collection of purulent material
in the renal parenchyma can be recognized early in the
infection. Usually, they are secondary to ascending infection
caused by E. coli, Proteus, Klebsiella or Pseudomonas.
Occasionally, hematogenous spread from S. aureus can be
seen in intravenous drug users. The presenting symptoms
can be nonspecific and include fevers, night sweats, abdom
inal or flank pain, malaise, and weight loss.Emphysematous
pyelonephritis and abscess should be suspected when there
is a minimal response to initial antibiotic therapy.

TREATMENT
The successful treatment of any UTI requires the eradi
cation of the bacteria from the urinary tract. Without the
initial elimination of bacteriuria, the etiology of a post-

therapy bacteriuria from a reinfection cannot be validated.
UTIs are subdivided into different groups based on

clinical syndromes and outcomes. Some of the categories
and their treatments that will be discussed include acute
uncomplicated cystitis, recurrent cystitis, acute uncompli
cated pyelonephritis, complicated pyelonephritis, and com
plicated infections (Table 25.1). Some of the complicated
infections include asymptomatic bacteriuria and infection
during pregnancy, asymptomatic bacteriuria in elderly
women, and catheter-associated UTIs. The role of prophy
laxis and patient-initiated therapy will also be reviewed.

The recommended treatment options for uncomplicated
cystitis in women include a short course of empiric anti
microbials and patient-initiated therapy. Since the majority
of UTIs in women occur in a normal urinary tract, empiric
treatment can be commenced without obtaining a urine
culture for outpatients. The culture pattern and sensitivities



in the outpatient population are predictable and often do not
change the treatment plan. This also saves the extra expense
of obtaining a urine culture." As E. coli remains the most
common urinary pathogen, cost-effective treatment requires
good efficacyagainst this organism. Currently, trimethoprim
sulfamethoxazole (TMP-SMX) is the initial recommended
therapy in healthy, adult, nonpregnant women in commu
nities with resistance less than 10-20%. Fluoroquinolones
are extremely effective and should be utilized in regions
where TMP-SMX resistance is greater than 20%. Treatment
is recommended for a course of 3 days or less oforal therapy.
Longer regimens do not improve efficacy and are associated
with higher cost and more side effects." Single-dose therapy
has lower cure rates compared to a 3-day course."

Another trend has been the advocation of patient
initiated or "self-start" therapy in individuals with recurrent
UTIs. Patients are given a self-culture device and prescrip
tion, which is fulfilled upon the start of symptoms. Patient
initiated therapy has been found to be efficacious and
represents another alternative to rreatmenr." In individuals
with recurrent symptoms of a UTI, symptoms for greater
than 7 days, recent antimicrobial therapy or comorbid con
ditions like diabetes mellitus, urine cultures should be
obtained and treatment should be commenced for 7 days.

The treatment of uncomplicated pyelonephritis ranges
from outpatient therapy in mild cases to hospitalization with
intravenous antibiotics followed by a switch to outpatient
therapy in moderate to severe cases. In individuals with no
major comorbidities or complicating factors, a mild infection
(low-grade fever, mild WBC, no nausea or vomiting) can
be treated with an oral antimicrobial as an outpatient for
14 days." Empiric treatment with a fluoroquinolone or
TMP-SMX in regions of low resistance to E. coli is the
recommended first-line treatment option." A urine culture
should be obtained and the antimicrobial regimen adjusted
as needed after the results are back.

Individuals with moderate to severe pyelonephritis (high
fever, high WBC, nausea, vomiting, dehydration, and signs
of sepsis) or failure on an outpatient regimen should be
admitted for intravenous antibiotics with a fluoroquinolone,
aminoglycoside with or without ampicillin, or an extended
spectrum cephalosporin with or without an aminoglycoside."
After evidence of clinical improvement for 48 hours
(afebrile, decrease in WBC), the patient should be switched
to oral antimicrobial therapy tailored to the culture results,
with fluoroquinolones, TMP-SMX or amoxicillin (for gram
positive organisms) as recommended treatment options.
When no clinical improvement is seen after the initial treat
ment period, imaging studies should be ordered to evaluate
for a possible abscess, infected hydronephrosis or another
complicated UTI.

The treatment of emphysematous pyelonephritis classi
cally wasopen drainage followed by elective nephrectomy at

URINARY TRACT INFECTIONS IN PREGNANCY

a later date. More recently, percutaneous treatment options
and broad-spectrum antibiotic therapy has been an effective
treatment option for up to 80% of parients." Using aggres
sive volume resuscitation, diabetic control, antimicrobials,
and percutaneous drainage, the mortality rate was only
8% in the study by Chen and associates." Similarly, renal
abscesses were historically treated by open surgical drainage.
More recently, small abscesses less than 3 em in diameter
have been treated with antimicrobials only." Percutaneous
drainage can be utilized for an abscess between 3 and 5 em.
Larger abscesses greater than 5 em may require multiple
percutaneous drainages or additional surgical drainage."

A complicated UTI occurs in an individual with a
structural or functional abnormality of the genitourinary
tract. For practical purposes, all men and children should be
presumed to have a complicated UTI until proven other
wise. Individuals can present from cystitis to frank urosepsis.
The management of these individuals requires a thorough
diagnostic evaluation with appropriate imaging and urine
culture data. As evidence-based guidelines are lacking, an
effective treatment plan relies on clinical judgment and
experience. Initial therapy with an oral fluoroquinolone or a
parenteral antimicrobial with antipseudomonal activity is
recommended with a treatment course of 14 days. After
treatment is completed, follow-up urine cultures should be
checked.

URINARYTRACT INFECTIONS IN PREGNANCY
UTIs are a common complication of pregnancy. Physiologic
changes of pregnancy including decreased ureteral peri
stalsis, mechanical obstruction of the ureters by the gravid
uterus, and displacement of the bladder anteriorly and
superiorly all promote urinary stasis. The prevalence of
bacteriuria in pregnant females is similar to nonpregnant
females, at around 5%.30 E. coli, Klebsiella, and Enterobacter
species account for more than 90% of UTIs. All pregnant
females should undergo a urinalysis and urine culture in
the first trimester. Patients with asymptomatic bacteriuria
have a much higher risk of progression to pyelonephritis
(between 13.5% and 65%) than individuals without bac
teriuria (1.4%).31 Asymptomatic bacteriuria has also been
associated with prematurity, low birth weight, and maternal
anemia. Some authors also recommend a repeat urine
culture at 16 weeks if the initial culture is negative.

Due to the increased risk of pyelonephritis and other
complications, all pregnant women with asymptomatic
bacteriuria should be treated with a 3-day course of an
antimicrobial. Initial therapeutic options include amoxi
cillin, ampicillin or a cephalosporin. Nitrofurantoin and
TMP-SMX can be utilized in selected trimesters of preg
nancy (Table 25.2). Fluoroquinolones, tetracycline, and
macrolides should be avoided during pregnancy (see Table
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Table25.2 Antimicrobial options and contraindications In pregnancy

Antimicrobial Regimen Comments

Safe in all trimesters

Amoxicillin 250 mg t.i.d. x 7 d High incidence of E. coli
250 mg t.i.d. x 3 day resistance
3 9 dose followed by 3 9 dose
12 h later
2 9 plus 1 9 probenicid

Amoxicillinlclavulanic 250 mg/125 mg t.i.d. x 7 d
acid

Cephalexin 500 mg q.i.d. x 7 d

Safe in selected trimesters

Nitrofurantoin 100 mg q.i.d. x 3 or 7 d Possible hemolytic
anemia in patients with
G6PD deficiency
Contraindicated at term

Sulfisoxazole 1 9 then 500 mg q.i.d. x 7 d Risk of neonatal
hyperbilirubinemia
Avoid during thirdTM

TMP-SMX TMP 320 mg/SMX 1600 mg TMP-may cause
b.i.d. x 3 d megaloblastic anemia

because of antifolate
properties in firstTM
SMX-see above

Unsafe during .11trimesters

Fluoroquinolones Contraindicated Possible damage to
immature cartilage

Tetracyclines Contraindicated Inhibits new bone
formation in fetus and
risk of acute liver
decompensation in
mother

Erythromycin Contraindicated Risk of maternal
cholestatic jaundice

Chloramphenicol Contraindicated Associated with M gray
baby" syndrome

Adapted from Langermann S. Ballou WR Jr. J Infect Dis 2001;183:584-86.45
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25.2 for specific side effects). A followup urine culture
should be checked to ensure eradication after therapy. Due
to the high prevalence of recurrent bacteriuria, urine should
be screened at each office visit in patients with positive
cultures. Patients with follow-up negative cultures do not
need additional treatment except for individuals with group
B streptococcus infections, who need therapy at labor to
prevent GBS sepsis.

Pregnant women with cystitis require the same treatment
regimen as patients with asymptomatic bacteriuria. Follow
up urine cultures should be checked 1-2 days after the
initiation of treatment to check for resolution of bacteriuria.

If cultures remain posltlve, antimicrobial suppressive
therapy for the remainder of pregnancy may be indicated."

All pregnant women with acute pyelonephritis should be
admitted for parenteral microbial therapy. Initial treatment
with ampicillin and an aminoglycoside, followed by oral
therapy for at least 14 days, is indicated." Due to the
increased risk of another episode of pyelonephritis, patients
should be monitored for bacteriuria or placed on prophy
laxis therapy. Patients who do not respond during the first
48 hours of antimicrobial therapy require imaging eval
uation. A renal ultrasound is the initial imaging modality in
pregnant women as it evaluates for obstruction without any



harmful radiation exposure to the fetus. In patients with
obstruction and infection, emergency decompression of the
urinary tract is indicated with cystoscopy and retrograde
stent placement or a percutaneous nephrostomy tube. Stents
should be changed every 6 weeks and patients require
continuous antimicrobial prophylaxis until delivery."

ASYMPTOMATIC BACTERIURIA: ELDERLY
WOMAN
Urinary infections occur much more frequently in the
elderly population. Asymptomatic bacteriuria, defined as
greater than 100,000 CFU / ml of voided urine without
symptoms of a UTI, is also common in the elderly. Current
estimates of asymptomatic bacteriuria in elderly women
living in nursing homes range between 25% and 50%.35 In
addition, comorbid conditions that impair elderly individ
uals increase the risk of asymptomatic bacteriuria.

The assessment of symptoms in elderly individuals with
bacteriuria poses a difficult task to the clinician. Elderly
patients often present with nonspecific symptoms like con
fusion, lethargy, dementia, urinary and fecal incontinence."
Fever is often not a common presenting symptom in the
elderly. In addition, the etiology of fever in patients with
bacteriuria and no localizing signs is due to a UTI only 10%
of the time." In an elderly febrile patient with a positive
culture and no urinary tract symptoms, the diagnosis of a
UTI is unlikely. Asymptomatic bacteriuria should not be
treated because it does not decrease the risk of a recurrent
symptomatic UTI, lower mortality or decrease costs. In
addition, treatment of asymptomatic bacteriuria promotes
increased drug resistance in a patient population that
already has high levels of drug resistance. Some of the few
indications to treat asymptomatic bacteriuria are urinary
tract obstruction, bacteriuria in renal transplant patients, and
prior to urinary tract surgical procedures.

CATHETER-ASSOCIATED URINARYTRACT
INFECTIONS
The most common hospital-acquired infections are UTIs,
with urethral instrumentation the main risk factor. Catheter
associated UTIs account for 40% of nosocomial infections
and the most common source of gram-negative sepsis.Around
10-15 % of hospitalized patients receive an indwelling
catheter" and the risk of acquiring bacteriuria is about
5-10% per day. Most patients will inevitably become bac
teriuric if the catheter remains. The use of a closed catheter
drainage system has reduced the risk of catheter-associated
bacteriuria from around 90% at 4 days to around 30%.39

A count of 100 CFU/ ml or more represents significant
bacteriuria. The diagnosis of infection requires symptoms
localizing to the urinary tract as cultures and pyuria have

RESEARCH STRATEGIES I
a low positive predictive value. Asymptomatic bacteriuria
should not be treated because it may lead to increased resist
ance and the bacteriuria eventually returns. Symptomatic
bladder infections should be treated for 10-14 days with an
oral fluoroquinolone. Patients with fever and flank pain
should be treated for acute pyelonephritis with parenteral
antibiotics, followed by oral agents for 14-21 days. The
urinary tract should also be imaged to rule out obstruction.

In cases of symptomatic infections, the urinary catheter
should be changed or removed if feasible.Patients with long
term catheters have an increased risk of bladder cancer and
nephrolithiasis and should be monitored periodically. In
patients with struvite stones from Proteus infection, removal
of the stone and antimicrobial treatment are indicated.

PROPHYLAXIS
Current strategies to prevent UTIs include antimicrobial
prophylaxis, postcoital therapy, and estrogen replacement
therapy in postmenopausal women. The use of natural
compounds to prevent UTIs is also being investigated.
Cranberry juice has been used for many years to prevent
UTIs. It contains the compound hippuric acid, which may
reduce adherence of bacteria in vitro. It has been shown to
reduce bacteriuria but not the incidence of symptomatic
UTIs.40 Some other studies have shown a decreased risk of
symptomatic UTIs with cranberry juice, but long-term
clinical outcomes sti11 need to be measured."

Successful prophylactic therapy requires elimination of
pathogenic strains from the introital flora without causing
bacterial resistance. Prophylactic therapy decreases the inci
dence of recurrent UTIs by as much as 95%.42 The use of
prophylaxis has reduced the reinfection rate from 2.0-3.0
per patient-year to 0.1-0.4 per patient-year. Common anti
microbials utilized for prophylaxis are single-day, low-dose
TMP-SMX, TMP, nitrofurantoin, and cephalexin. Fluoro
quinolones should be utilized only in nonpregnant women
or when resistance to the other antimicrobials is present.

In individuals with recurrent UTIs associated with inter
course, postcoital therapy with a single-dose antimicrobial
reduces the incidence of reinfection.f In addition, spermi
cidal agents should be avoided in women with recurrent
UTIs. Estrogen replacement therapy in postmenopausal
women restores the normal vaginal flora, including lacro
baci11us, and reduces E. coli colonization. The use of vaginal
estrogen has been shown to reduce the incidence of
symptomatic UTIs.44

RESEARCH STRATEGIES
Active exciting research is currently being done to elucidate
the basic pathogenesis of UTIs and efforts to prevent UTIs.
Future research strategies to prevent colonization of 303
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bacteria and progression to UTIs will need to be investi
gated. Immunization techniques are currently being inves
tigated to prevent UTIs. The Fim H subunit of E. coli has
been the focus of a vaccine to prevent bacterial attachment."
Other avenues to prevent colonization, including the
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Interstitial Cystitis: An Overview
C Sage Claydon and Kristene E Whitmore

CHAPTER

26
INTRODUCTION
Interstitial cystitis (IC) presents as chronic debilitating
pelvic/bladder/urethral pain, urinary frequency, and
urgency. It is a diagnosis of exclusion made in the absence of
other identifiable causes. This condition was first described
in 1836 by Parrish, who called it "tic douloureux of the
bladder." The term interstitial cystitis was later coined by
Skene in 1887. In 1915, Hunner described five patients with
contracted fibrotic bladders, hyperemic bladder mucosa
with adjacent ulcers, and mucosal hemorrhage following
hydrodistension. J.2

Although the medical field has been aware of IC for over
100 years, both the natural history and pathophysiologic
mechanisms of IC remain elusive. In 1987, the National
Institutes of Health-National Institute of Diabetes and
Digestive and Kidney Disorders (NIH-NIDDK) established
a set of standardized criteria for inclusion in research
studies' in an effort to perform meaningful and reproducible
research in the field of Ie. These criteria were revised in
19883 (Box 26.1). Between 1993 and 1997, in an effort to
better understand the natural history of IC, the NIH initi
ated a multicenter longitudinal observational study group:
the Interstitial Cystitis Data Base (ICDB).4 Enrollment
criteria varied from the NIH-NIDDK, with the main
difference being that IC diagnosis was symptom driven and
cystoscopy was optional (Box 26.2).4 During the study 637
patients were enrolled.'

EPIDEMIOLOGY
The reported prevalence of IC varies. The largest published
study to date, the Nurse's Health Study data (NHS),
reported in 1999, estimated the prevalence of IC in women
in the United States to be 52-67/100,000.6 The study was
based on self-report of IC by participants. Participants'
medical records demonstrating cystoscopic findings and
symptoms consistent with IC were then used to confirm the

Box 26.1 NIH-NIDDK criteria for inclusion in interstitial
cystitis research trials (revised November 1988)3

Inclusion criteria

Must meet criteria for both A and B.

(A) Glomerulations on cystoscopic exam under anesthesia
(at least 10/quadrant and in at least three quadrants) or
Hunner's ulcers on cystoscopic exam under anesthesia

(B) Pain associated with the bladder or urinary urgency

Exclusion criteria

• Bladder capacity >350 ml on waking cystometrogram
(either gas or liquid)

• No intense urge to void when the bladder is filled to
150 ml (or 100 ml of gas) while awake

• Involuntary bladder contractions on cystometrogram
at a medium filling rate

• Duration of symptoms <9 months

• Absence of nocturnal frequency

• Symptoms relieved by antimicrobials, antiseptics,
anticholinergics or antispasmodics

• Waking urinary frequency <8

• Diagnosis of bacterial cystitis or prostatitis within 3
months. Must be abacteriuric for 3 months

Other exclusion criteria include the presence of:

• Bladder or lower ureteral calculi

• Active genital herpes

• Uterine, cervical, vaginal or urethral cancer

• Urethral diverticulum

• Cyclophosphamide cystitis

• Vaginitis

• Tuberculosis cystitis

• Radiation cystitis

• Benign or malignant bladder tumors

• Age <18 years
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Box 26.2 Interstitial Cystitis Data Base eriteria"

Inclusion criteria

• Willing to provide informed consent

• Willing to undergo cystoscopy under anesthesia

• Symptoms of urinary urgency, frequency or pain for
more than 6 months

• Daytime frequency of "27 or urgency or pain measured
on a linear analog scale

Exclusion criteria

• History of genitourinary tuberculosis

• History of urethral cancer

• History of bladder malignancy, high-grade dysplasia or
carcinoma in situ

• History of prostate cancer

• Ovarian, vaginal or cervical cancer within the last 3 years

• Current vaginitis

• Bacterial cystitis within the past 3 months

• History of cyclophosphamide treatment

• Radiation cystitis

• Neurogenic bladder

• Bladder outlet obstruction (determined by urodynamic
testing)

• Bacterial prostaties within the past 6 months

• Urethritis for the previous 3 months

• Urethral dilation, cystometrogram, cystoscopy under
anesthesia or bladder biopsy in the past 3 months

• History of augmentation cystoplasty, cystectomy,
cystolysis or neurectomy

• Urethral stricture of <12 F

diagnosis. However, these figures are limited since all
the participants were women and 90% were Caucasian.
Therefore the actual prevalence may be greater.

DEMOGRAPHICS
Data collected from the ICOB study demonstrated a
male/female ratio of 1/10.8 in Ie. The report noted that
more than 93% of the subjects were Caucasian but the
authors point out this may reflect referral patterns rather
than racial selectivity of the disease. Although IC can occur
at any age, most studies demonstrate a mean symptom onset
between 30 and 50 years old.4-

6

increased nighttime frequency was associated with four
biopsy features: complete loss of urothelium, granulation
tissue in the lamina propria, increased vascular density in
lamina propria (using factor VIII stain), and increased
tryptase staining mast cell count in the lamina propria. Pain
was highly associated with the percentage of submucosal
hemorrhage and denuded urorhelium.'

Given these findings, several theories examining the etiol
ogy of IC are currently under investigation. They include
increased bladder permeability, ultrastructural derange
ments of the lamina propria, increased mast cells, neuro
genic inflammation, autoimmune disorders, and infectious
agents. The true etiology is most likely multifactorial,
involving one or more steps in a pathway which results in the
clinical syndrome ofIC (Fig. 26.1).

Increased bladder penneability. One of the leading
theories for IC pathogenesis is that a defect in the
glycosaminoglycan (GAG) layer of the urothelium allows
noxious solutes to cross into the bladder interstitium,
damaging the bladder and stimulating pain neurons (C
fibers). There are several ultrastructural, animal, and clinical
studies supporting this theory,"!" In a recent study eval
uating molecular markers for cell permeability, Slobodov
et al compared bladder biopsies from 27 IC patients with
seven controls. I I In addition to decreased cell thickness of
the urothelium, from five cells to 1-2 cells, they found sig
nificant differences in the distribution of chondroitin sulfate
proteoglycan (a GAG protein), ZO-1 (cell junction protein),
uroplakin (urothelial protein), and E-cadherin (urothelial
differentiation). According to the authors, these findings are
consistent with abnormal cell differentiation, which in turn
could lead to increased urothelial permeability.
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To date, the pathogenesis of IC remains unclear. Recently
biopsies from 206 patients from the ICOB were evaluated.
Using multivariate analysis, the authors demonstrated that Figure 26.1 Pathogenesis of interstitial cystitis.



In 1998, Parsons et al reported urgency in 79% (15/19)
and pain in 37% (7/19) of normal volunteers in response to
intravesical instillation of protamine sulfate, a substance
known to disrupt the GAG layer, followed by potassium
chloride (KCI). Intravesical heparin was then administered
followed by KCI, and a reversal of urgency and pain was
noted in 47% (7/15) and 87% (13/15) respectively.'! This
theory is the basis of several current therapeutic interven
tions including intravesical heparin cocktails and pentosan
polysulfate.

Mast cells. Elevated mast cell counts in the bladder
muscularis and lamina propria have been well described in
the literature.7.8.13.14 Increased mucosal mast cells were seen
in nonulcerative IC; however, detrusor mastocytosis was
seen in both ulcerative (classic) as well as nonulcerative Ie.13

In a case-control study, Peeker et al found a 6-8-fold
increase in detrusor mast cells in patients with ulcerative IC
and a 2-3-fold increase in the nonulcerative IC group,"
Studies have also demonstrated increased mast cell granu
lation products methylhistamine and tryptase in IC urine.'
Although there are conflicting reports on the diagnostic
utility of mastocytosis in IC/ these findings suggest that
mast cells occupy an intermediary role in the pathogenesis
of Ie. Mast cell release can be triggered by either allergic/
immune response (type 1 hypersensitivity) or other non
immune sources including, but not limited to, neuropeptides
(substance P), cytokines, leukotrienes (IL-2, IL-6), and
neurotransmitters. I

3

Neurogenic inflammation. Ultrastructural studies of
the IC bladder demonstrate an increased number of C fibers
(unmyelinated sensory afferents) in close proximity to mast
cellsY·15 When stimulated, these fibers release substance P,
calcitonin gene-related peptide, and acetylcholine. This
promotes mast cell degranulation and the release of inflam
matory mediators such as histamine, rryptase, bradykinin,
vasoactive intestinal peptide, cytokines, prostaglandins, and
nitric oxide. Subsequently additional C fibers are activated,
resulting in an increase in substance P, vasodilation,
increased vascular permeability, mast cell migration, and
degranulation with propagation of the pain and inflamma
tion cycle.' Initiation of this cycle may be triggered by a
number of events (see Fig. 26.1).

Antiproliferative factor (APF). Antiproliferative
factor (APF) has been isolated from the urine of both women
and men with Ie. '6.'7In an elegant study, Keayet al extracted
APF from IC urine and added it to tissue cultures of age
matched normal urothelium. They demonstrated a decreased
rate of epithelial cell proliferation (increased APF), with a
decreased rate of heparin binding-epidermal growth factor
(HB-EGF) production. When APF was removed from the

PATHOPHYSIOLOGY I
culture medium, both HB-EGF and cell proliferation were
noted to normalize, thus demonstrating that these changes
were reversible." APF may likely serve as a diagnostic
marker for Ie.

Autoimmune/genetic. IC is often associated with
systemic autoimmune diseases such as Sjogren's syndrome,
inflammatory bowel disease, and systemic lupus erythe
matosus as well as irritable bowel syndrome, fibromyalgia,
and atopic conditions. In addition to mast cells, T lympho
cytes are also noted to occupy the bladder wall.Some studies
demonstrate an increased expression of growth factors
similar to those in rheumatoid arthritis. It is hypothesized
that these growth factors may accumulate in the GAG layer
and promote inflammation."

Central sensitization/chronic pain. One of the
hallmark symptoms of IC is chronic pain. Integral in the
pathogenesis of all chronic pain syndromes is the concept of
central sensitization. Normally, a certain threshold of input
has to be received by the dorsal horn cells of the spinal cord
before the pain signal is transmitted to the brain. With
central sensitization, the transmission threshold is reset at a
lower level," Specifically, in IC increased and/or uninter
rupted transmission of pain signals from the bladder to the
spinal cord (as seen in neurogenic inflammation) eventually
allows the dorsal horn cells in the spinal cord to fire with less
peripheral input, thereby increasing pain perception with
less stimulation (neural plasticiry).""

Clinical presentation. IC is classically characterized as
chronic pain in the form of suprapubic pressure, which is
exacerbated by bladder filling and relieved by voiding, in
combination with increased daytime and nighttime fre
quency in the absence of a proven urinary tract infection or
other obvious pathology. Until further work-up is done to
rule out such conditions as endometriosis, carcinoma and
prostatitis, the International Continence Society (ICS)19
dictates this condition be termed painful bladder syndrome.

IC is a progressive disorder resulting in a range of pre
sentations. The severity of symptoms ranges from mild to
debilitating. Pain may be experienced in the urethra,
bladder, lower abdomen, lower back, perineum, medial
thighs or inguinal area. Dyspareunia is often presentf
Typically, patients experience episodic exacerbations of
symptoms called "flares." Physical or emotional stress is the
most common precipitating event for IC flares," along with
physical activity'r" In 60% of cases consumption of acidic
beverages or foods has been demonstrated to exacerbate
symptoms." In addition, many women report flares during
the luteal phase of the menstrual cycle.

Symptoms start an average of 5-7 years before the diag
nosis of IC is made." Therefore patients frequently present
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frustrated and/or angry after extensive evaluations and
treatments for endometriosis, dysmenorrhea, dyspareunia,
gastrointestinal dysfunction, and recurrent urinary tract
infection (UTI) have failed to provide symptom relief. In
addition, patients are often sleep deprived (due to pain and
nighttime frequency) and clinically depressed. Many
experience disruption in interpersonal relationships and
activities of daily living due to symptoms.8

,20,21

DIAGNOSTIC WORK-UP
IC is a diagnosis of exclusion. Therefore, the history and
physical examination are symptom driven. The history
begins with a query about lower urinary tract symptoms
(LUTS) and includes an account of the onset of symptoms,
all prior treatments for LUTS, culture results from prior
"UTIs," gastrointestinal symptoms, obstetric and gyneco
logic history, as well as prior history of: pelvic surgeries,
pelvic radiation, chemotherapy, tuberculosis, and spinal
trauma. The severity and duration of symptom flares should
be recorded. The presence of conditions associated with IC
should also be noted. These include the diagnosis or sus
pected diagnosis of: fibromyalgia, endometriosis, migraines,
SICCA syndrome (dry eyes and mouth), Sjogren's syn
drome, drug hypersensitivity, sinusitis, vulvodynia, urethral
syndrome, and irritable bowel syndrome. At the initial visit
patients may be asked to complete a validated quality of
life questionnaire such as the Interstitial Cystitis Symptom/
Problem Indices" or the Pelvic Pain and Urgency/
Frequency Scale (PUF).24 Although not diagnostic, these
allow objective quantification of symptom severity and bother
as well as facilitating accurate assessment of treatment out
comes." A voiding diary is beneficial, both for initial
evaluation as well as for following treatment outcomes.

Physical examination should include evaluation for
vaginitis (atrophic or infective), urethral diverticulum, active
herpes, and pelvic organ prolapse. Patients with IC often
experience suprapubic and anterior vaginal wall tenderness
to palpation. High tone pelvic floor muscle dysfunction
(HT-PFO) (aka short pelvic floor) should be noted as IC
treatments are less likely to be effective unless HT-PFD is
also treated.

The pelvic floor muscles (PFMs) are evaluated with
the patient in lithotomy position; with one or two fingers
inserted into the vagina, a reflex contraction of the PFM
should be palpable as the patient coughs. Strength on digital
palpation is assessed using a scale from no contraction to
unmistakably strong (0-5).26 The quality of the PFM can be
assessed by either transvaginal or transrectal palpation of the
obturator internus, coccygeus, iliococcygeus, and pubococ
cygeus muscles. As the PFMs are contracted and relaxed,
each muscle is examined for tenderness, resting tone, and
contractile tone. They should feel supple and be minimally

tender to palpation. The degree of individual muscle spasm
can also be subjectively rated on a scale of 0-5. 26

,27

A urinalysis and posrvoid residual are routinely per
formed. Although the presence of leukocytes and micro
scopic hematuria is common among patients with IC, if they
are noted a urine culture and sensitivities should be
performed. In addition, the presence of hematuria mandates
evaluation for nephrolithiasis, upper tract disease, and
bladder carcinoma. Urine cytology, renal ultrasound, and
cystoscopy should be performed in all patients with per
sistent urgency and hematuria; this enables detection of both
carcinoma and foreign bodies in the bladder.

Traditionally, the diagnosis of IC required cystoscopy
with bladder hydrodistension under anesthesia (BOD): gen
eral, regional or conscious sedation with local. The bladder
is distended to its maximum capacity at a pressure of 70-90
cmH 20 held for 2-8 min, drained and the contents meas
ured. The average maximum capacity under anesthesia
(MCUA) for patients with IC is 575 ml and 1I I 5 ml for
patients without Ie.2

,28 The bladder is refilled and evaluated
for petechial hemorrhages called glomerulations (Fig. 26.2)
and Hunner's ulcers (Fig. 26.3). The presence of a Hunner's
ulcer remains pathognomonic for Ie. A 1 mm cup biopsy of
the bladder is obtained to rule out carcinoma in situ,
eosinophilic cystitis or infection as well as to evaluate for the
presence of mast cells in the lamina propria and detrusor
muscle.v" Patients are divided into two categories of IC
based on findings noted at BO0: classic (ulcerative, late stage),
and "nonalceratiue" (early stage) with findings of restricted
bladder capacity <350 ml and Hunner's ulcers, or glomeru
lations, submucosal hemorrhages, and a bladder capacity
> 350 m1.2,28

Figure26.2 Glomerulations.



Figure26.3 Hunner's ulcers.

At present there is debate regarding the utility of
cystoscopy with BOD. The advent of the NIH-NIDDK
research criteria (see Box 26.1) resulted in an increased
awareness of IC as well as increased disease recognition in
clinical practice. However, data from the ICDB demon
strated that up to 60% of patients with clinical symptoms
consistent with IC would be misdiagnosed if strict NIH
NIDDK enrollment criteria were adhered to:' Recently, an
analysis of 204 patients from the ICDB demonstrated that
glomerulations were not predictive of IC symproms.' In
addition, there are reports of glomerulations noted on
cystoscopy with BOD of "normal controls." These findings
have led some IC practitioners to question the clinical utility
of bladder hydrodistension in the diagnosis of IC, and to
recommend a symptom-based approach to diagnosis."

In March 2003, IC researchers from around the world met
in Kyoto.japan, to discuss the diagnosis and treatment one.
Although many representatives from North America
questioned the diagnostic utility of cystoscopy with BOD,
most felt it is clinically useful and admitted to continuing
BOD in their routine practice." The main reasons given
were:

• it allows inclusion in research protocols
• it enables maximum capacity under anesthesia to be

determined
• it facilitates bladder biopsy which may help guide

treatment and may advance knowledge of the patho
physiology of IC

• it helps distinguish ulcerative from nonulcerative types
• approximately 30% of patients experience symptom

relief after BOD.31

DIAGNOSTIC WORK-UP I
Bladder permeability testing. Theoretically, IC
symptoms may result from increased bladder permeability.
Parsons proposed a diagnostic office procedure for con
firming IC: the potassium sensitivity test (PST). Forty
milliliters of normal saline are instilled into the bladder, the
bladder is drained, and 40 ml of 0.4 M KCI solution is
instilled. The patient is asked to rate pain and urgency from
each instillation on a 0-5 scale. An increase in pain or
urgency scale response of 2 or more to KCI is considered
positive for increased permeability. Although positive results
were noted in patients with other conditions that increase
bladder permeability, such as bacterial and radiation cystitis,
the authors believed a positive PST in combination with
symptoms of frequency, urgency, and pain in the absence of
other disease was adequate to confirm an IC diagnosis.
However, a negative PST does not exclude IC as not all
patients with cystoscopic evidence of IC will exhibit a posi
tive pST. 12 Controversy exists about the diagnostic certainty
of the PST. Kuo, in a study of 196 women with urgency
frequency syndrome, found that only 34% of those with a
positive PST had cystoscopic findings consistent with 1e.32

Overall, the false-positive rate for the diagnosis of IC by
PST is reported to be less than 2% while the false-negative
rate remains unknown."

Finally, lactulose and rhamnose are being tested as a
"nonpainful" measure of bladder permeability." These and
other reports suggest that a positive permeability test, though
not pathognomonic for IC, may help support the diagnosis.

Urodynamic testing (UDT). To meet the current
NIH-NIDDK research criteria, a patient must undergo
UDT. 3 However, during the Kyoto meeting in 2003 many
investigators questioned the utility of UDT in IC diag
nosis," No specific urodynamic values define Ie. Patients
with IC routinely experience early first sensation on filling,
early first desire to void and/or strong desire to void at low
bladder volumes. In addition, they exhibit a low cystometric
capacity associated with pain on filling. Results from the
ICDB demonstrate that volume at first sensation to void is
inversely proportional to daytime frequency. Those with
daytime frequency greater than 15 exhibited first sensation
to void at 74± 61 ml and maximum cysrornerric capacity 184
± 114 ml compared to 114 ±81 ml and 244 ± 149 ml in those
voiding more than five times while awake." Similar trends
were seen for 24-h frequency. The volume at first sensation
to void is markedly reduced in the presence of Hunner's
ulcers: 34.7 ± 20.5.28 Finally, although listed as an NIH
NIDDK exclusion criterion, the ICDB study demonstrated
that 14% of IC patients have detrusor overactivity.

Diagnostic markers. Currently there is no diagnostic
marker for l'C. Symptom criteria supported by cystoscopic
findings and/or permeability testing remain the primary
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diagnostic means. Research to examine potential markers
for IC in urine, serum, and/or bladder biopsy specimens
is ongoing. These include but are not limited to urinary APF,
noradrenalin, IGF binding protein-S, EGF, HB-EGF, CGMp,
IL-6, and glycoprotein 51 (GP51). Urinary leukotriene E4,
eosinophil protein X, IL-6, and CD45RO positive leukocytes
may be useful as markers for disease progression. Serum
markers currently under investigation include HB-EGF and
EGF. Finally, bladder cell fraction of stretch-activated ATP
release, IL-4 gene variants, nitric oxide synthase, and mast
cell activation are also being evaluated. Currently the most
promising marker is urine APF level and as research devel
ops, this may serve as a pathognomonic marker for Ie.37

,38

TREATMENT
At present there is no cure for Ie. Treatment goals are
directed toward managing symptoms and/or inducing
remission by healing the urothelium. To date, only two
medications have FDA approval for the treatment of IC: oral
pentosan polysulfate (PPS) and intravesical dimethyl
sulfoxide (DMSO). However, these medications are not
effective in all IC patients. Therefore most practitioners use
a multimodal approach to treatment which includes behav
ioral, pharmacologic, and surgical modes of therapy. It is
our experience that a team approach is often needed to
fully address the complex issues associated with Ie. This
may include supplemental stress management, sex coun
seling, nutritional counseling, physical therapy, and pain
management.

Behavioral treatment. Initial management of IC
includes behavioral measures such as bladder retraining,
dietary modification, and treatment of high tone pelvic floor
muscle dysfunction.

Bladder retraining includes increasing the voiding inter
val with timed toileting." Initially a 24-hour voiding diary is
recorded. Patients are then asked to add an additional 15-30
minutes to their voiding interval every 3-4 weeks, until a
3-4-hour period between voids is achieved. In a study of 42
IC patients, Chaiken et al employed timed toileting with
pelvic floor muscle exercises and audio relaxation tapes.
After 3 months of treatment, voiding diary data revealed that
98% had a significant decrease in the number of voids per
day while 71 % had a significant increase in their functional
bladder capacity."

Approximately 51-60% of IC patients can identify foods
or beverages that exacerbate their IC symptoms within 4
hours of ingestion.F These are listed in Box 26.3. Although
the mechanism of symptom exacerbation is unknown,
studies have shown a relationship between substances that
produce acidic urine and exacerbation of IC symptoms."
Many clinicians recommend elimination of these substances

Box 26.3 Consumables associated with lower urinary
tract symptoms

Foods to avoid

• Alcoholic beverages

• Aspartame

• Carbonated beverages

• Cheese

• Chili

• Chocolate

• Coffee

• Citrus fruit

• Spicy foods

• Tomato

• Tea

• Vinegar/condiments containing vinegar

Foods to limit

• Apples/apple juice

• Avocados

• Bananas

• Beans

• Cantaloupe melon

• Corned beef

• Cranberries

• Grapes

• Nuts (except almonds and cashews)

• Peaches

• Pineapple

• Plums

• Prunes/raisins

• Sour cream

• Rye bread

• Yogurt

from the diet," Patients are able to identify specific food
sensitivities by adding them back to their diet one at a time.
In a prospective open label trial of 203 IC patients with
food-related flares, Bologna et al reported a significant
reduction in urgency and pain when these substances were
consumed with 1.32 g calcium glycerophosphate (PreliefTM)Y

Treatment of HT-PFD. The role of musculoskeletal
involvement in chronic pelvic pain syndromes is just starting
to be investigated. Normally, a reflex increase in pelvic
floor muscle tone occurs during bladder filling as a result of
stimulation of sensory afferents for stretch, which con
tributes to urinary continence; this is called the guarding



reflex. In IC, HT-PFD is theorized to result from a sustained
guarding reflex, caused by increased C-fiber afferent activity
leading to a tonic somatic efferent response." HT-PFD in
turn contributes to urgency/frequency and possibly pain.

In a pilot study of 16 IC patients with HT-PFD and
sacroiliac malalignment, 94% exhibited improvement in
irritative voiding symptoms and dyspareunia after treatment
for HT-PFD.42 Therapy included myofascial release, joint
mobilization, muscle energy techniques, strengthening,
stretching, neuromuscular reeducation, and home exercises.
Thiele massage is initiated after realignment of the sacrum
and ileum to restore normal tension to the pelvic floor
musculature." This technique involves myofascial release of
trigger points through either a transvaginal or a transanal
approach. A study of 21 IC patients with HT-PFD employ
ing Thiele massage twice a week for 5 weeks noted a
significant improvement in QOL scales that was maintained
for at least 4.5 months following treatment." Patients with
persistent HT-PFD are prescribed biofeedback with func
tional electrical stimulation (FES). The goal of biofeedback
is to break the cycle of muscle spasm by facilitating con
scious control of pelvic floor muscle contraction and
relaxation. The addition of FES has been demonstrated to
significantly reduce detrusor overactivity in studies of
patients with urge or mixed incontinence.tv" Although no
studies are published to date, there is an ongoing random
ized controlled trial addressing the role of FES in IC
management. Trigger point injections of I % lidocaine
and/or corticosteroid into contracted pelvic floor muscles
may be useful prior to internal massage in the recalcitrant
patient.

Phannacologic therapy (Table 26.1)
Oral agents
PENTOSAN POLYSULFATE. Pentosan polysulfate (PPS) is a
heparin-like compound which is similar to the GAGs in
the urothelium. It is hypothesized to replace the defective
GAG layer of the urothelium, thus decreasing bladder
permeability. Recent work by Chiang et al demonstrated
that PPS also functions as a mast cell stabilizer," potentially
decreasing neurogenic inflammation. PPS is the only FDA
approved oral medication for the relief of bladder pain
associated with Ie. It is dosed 100 mg tid. or 200 mg bid. It
takes 6-8 weeks for initial symptom relief and 6 months may
be required for clinical improvement.

In an open label trial of 2809 IC patients, Hanno
demonstrated a 42-62 % improvement in pain and urgency
after 3 months of treatment. He also reported continued
benefit and a low occurrence of side effects (alopecia,
headache, GI distress) with 3 years of continued treatment,"
Placebo-controlled trials of PPS in the United States have
demonstrated mixed results. In a study of 62 patients with

TREATMENT I
IC, Parsons et al reported a statistically significant improve
ment in subjective frequency, urgency, nocturia, and pain
as well as an increase in voided volume when compared to
controls," In a subsequent study of 148 IC patients, 38%
noted a >50% reduction in pain after 3 months on PPS
compared to 18% receiving placebo." However, a recent
placebo-controlled study of 121 patients from the IC
Clinical Trials Group (ICCTG) demonstrated only a slight
improvement with PPS compared to placebo; these numbers
failed to reach clinical significance." This may have been
due to the "cross-over" study design. The authors allowed
patients taking hydroxyzine (a mast cell stabilizer) into the
placebo group, assuming that the two drugs had different
mechanisms of action. However, recent studies suggest PPS
may also play a role in mast cell stabilization." thereby
possibly confounding the findings.

ANTIHISTAMINES. Hydroxyzine is thought to provide
symptom relief by mast cell stabilization, anticholinergic
effects, and sedation. To date, there are limited reports on
the efficacy of hydroxyzine in IC symptom relief. In an open
label study of90 Ie patients given 25-75 mg of hydroxyzine
daily, an average of 40% reduction in symptom score was
noted over 3 months." In a recent placebo-controlled trial of
121 patients, no statistically significant difference was found
between placebo and 50 mg/day hydroxyzine after 24 weeks
of rreatrnent." Again, these data may be affected by the
inclusion of patients taking PPS in the control group.

ANTIDEPRESSANTS. Tricyclic antidepressants provide
central and peripheral anticholinergic effects, block the
reu ptake ofserotonin and norepinepherine, and provide H 1
receptor blocking activity. Recent placebo-controlled trials
as well as long term open label studies of the effect of
Amitriptyline in IC, show it effective per urgency/frequency
and pain.52

,53 Dosing should start at 10 mg and may be
increased up to 100 mg HS at 2-3 week intervals. Selective
serotonin reuptake inhibitors may also be used.

OTHER ORAL AGENTS. Gabapentin is an anticonvulsant
proven effective in mediating neuropathic pain syndromes,
including those from genitourinary origin. Muscle relaxants
like hyoscyamine and tizanidine may be beneficial in relief
of pain due to bladder spasm and HT-PFD; these may also
provide anticholinergic effects which may decrease urgency/
frequency. Detrusor-selective anticholinergics such as
oxybutinin and tolteridine may provide symptom relief
when combined with other treatments. Narcotics may be
added to the treatment regimen. The amount and frequency
of narcotic medication can be coordinated with a pain
specialist. Finally dietary supplements such as L-arginine
may be beneficial." Table 26.1 provides dosing information
as well as common side effects of these medications.
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Table 26.1 Common medications used to treat interstitial cystitis

Medication Symptom Dose*** Mode of action Common side effects Other

Oral

Pentosan polysulfate* P 100 mg t.i.d. Repair GAG layer GI distress (4%), hair Minimum 6 months
or 200 mg b.i.d. Possible mast cell loss (1-4%), elevated for symptom relief

stabilization LFTs (1%)

Hydroxyzine U,F.P 1~75 mg daily Inhibits mast cell Sedation Often used if mast cells
release (H1-receptor present on biopsy
blocker)
Anticholinergic effects

Amitriptyline p,U,F 1~100 mg HS Inhibits NE and 5-HT Sedation Tricyclic antidepressant
reuptake Dry mouth
Anticholinergic effects

Nortriptyline P,U,F 1~25 mg HS Inhibits NE and 5-HT Sedation Tricyclic antidepressant
reuptake Dry mouth often better tolerated
Anticholinergic effects than amitriptyline

Gabapentin P 100 mg HS: Unknown Sedation, fatigue, Anticonvulsant
titrate to dizziness May titrate to max dose
300 mg t.i.d. of 3600 mg daily

Oxybutinin extended U,F 5-30 mg q.d, Anticholinergic Dry mouth, Contraindicated for
release (XR) constipation, narrow-angle glaucoma

headache and renal or hepatic
insufficiency

Tolteridine extended U,F 4mg q.d. Anticholinergic Dry mouth, Contraindicated for
release (LA) constipation, narrow-angle glaucoma

headache and renal or hepatic
insufficiency

Tizanidine P 2 mg HS; may ~-adrenergic receptor Sedation Check LFTs for first 6
titrate to 8 mg agonist Dry mouth months of use
t.i.d. as needed Smooth muscle relaxant Hepatic dysfunction Dose affected by renal

(3%) insufficiency
Visual hallucination
Prolonged Q-T
interval

Hyoscyamine U,F 0.12~.3mg Anticholinergic Sedation Can have additive
up to q.i.d, Smooth muscle relaxant Constipation effects with other

Dry mouth anti-cholinergic
Blurred vision

Narcotics P Varied Central analgesia Sedation
Constipation

Nutraceuticals

L-Arginine P 1.5g/day Nitric oxide synthetase 6 months for effect
inhibitor

Intravesical

DMSO * p,U,F 50 ml for 15 min Unknown: possible Lens changes in May taste/smell garlic
weekly for antiinflammatory or animal studies for 72 h
6 weeks disruption of pain PDR: recommends Instillation is painful

pathway q 6 rno, CBC,Cr, LFTs Effects noted 3-4 weeks
after 6th instillation
Contraindicated for
bladder Ca

p. pain; U. urgency; F. frequency; CBI, continuous bladder instillation; LFTs. liver function tests; NE. norepinephrine; 5-HT. serotonin
*FDA approvedfor the treatment of IC
•• Our center's formula
•••Additional information obtained from PDR Electronic Library 2004.1 S.Thompson-micromedex, 2004



Table 26.1 Common medications used to treat interstitial cystitis-cont'd

Medication Symptom Dose*** Mode of action Common side effects Other

Heparin cocktail p,U,F **10,000u Repair of GAG layer, NaHC03wili May be mixed with
heparin, 50 cc anti-inflammatory, local precipitate if mixed 1LNS and used as CBI
of 0.5% analgesia with other (omit NaHC03 and
bupivacaine, ingredients before gentamicin) for flare
100mg instillation rescue
hydrocortisone,
80mg
gentamicin.
50 cc of 8.4%
NaHC03 weekly
for 6 weeks

BCG P,U,F 50 mg in 60 ml Unknown: live Limited long-term
sterile saline attenuated effect in preliminary

mycobacterium studies
Possible local
immunomodulation

Botox U,F 300 u in 3 ml Blocks acetylcholine Transient hematuria Effects up to 6 months
sterile saline release, paralytic

p. pain; U, urgency; F. frequency; CBI, continuous bladder instillation; LFTs, liver function tests; NE, norepinephrine; 5-HT. serotonin
*FDA approved for the treatment of IC
* * Our center's formula
***Additional information obtained from PDR Electronic Library 2004.1 S,Thompson-micromedex, 2004

Intravesical agents. OM SO is the only intravesical
medication with FDA approval for IC treatment. It is admin
istered 50 ml weekly for 6weeks. Clinical trials demonstrate
a 53-93% initial response rate after four treatments but the
relapse rate is reported at between 40% and 59%, with
50-60% of relapsers responding to repeat treatment." The
mechanism of action is unknown; theories include inter
ruption of the pain pathway and decreased inflammation.
Intravesical heparin has also been shown beneficial in treat
ing IC, either alone or as part of a cocktail.54,55 Heparin
is thought to help heal the defective GAG layer. The
addition of a corticosteroid, bupivacaine, and gentamicin
may decrease inflammation, provide local analgesia, and
prevent infection, respectively.

Preliminary studies of intravesical bacillus Calmette
Guerin (BCG)56 and resiniferotoxin (RTX) demonstrated
short-term benefit in IC patients however recent multi
center randomized controlled trials failed to demonstrate
significant improvement over placebo.57,58 Similarly, initial
open label studies found hyaluronic acid beneficial to IC
patients, however more recent placebo-controlled trials in
the United States failed to show a significant difference over
controls (personal communication, publication pending).

Surgical treatment. BOD was demonstrated to provide
symptom relief in 30-54% of patients for up to 6 months,
when the bladder was distended at 80 cmHzO for 8
minutes." The mechanism of benefit is unknown. Some
theories include ischemic or mechanical damage to the

TREATMENT I

bladder's submucosal nerve plexus, exhaustion of C-fiber
neurotransmitters (substance P), and widespread mast cell
degranulation with exhaustion of inflammatory mediators."

Sacral neuromodulation has been shown to decrease
LUTS in patients recalcitrant to anticholinergic therapy. A
recent open label study of 21 refractory IC patients demon
strated a 60-70% reduction in subjective pain, frequency,
and urgency as well as a 50-60% objective improvement in
frequency based on voiding diary dara" Other studies have
demonstrated similar results.60,61 The exact mechanism of
action is unknown but it is thought to cause a disruption of
sensory afferent input to the pontine micturition center. The
technique involves transcutaneous placement of an electrode
into the S3 foramen, either unilaterally or bilaterally. The
electrode is then tested for efficacy by an external impulse
generator. If patients experience a >50% objective symptom
improvement by voiding diary and questionnaire data, an
internal pulse generator is placed. Reported complications
are small but include lead migration, local wound compli
cation, implant site pain, and change in pain location."

Botulinum neurotoxin type A (BTX) has demonstrated
recent success in treatment of refractory urgency jfrequency.6z
The technique involves transurethral intramural injection of
the trigone. Symptom relief is reported for up to 6 months.
Continued research will determine the exact extent of the
benefit that BTX may offer.

Lumbar sympathetic epidural nerve blocks may assist in
managing chronic pain." In addition, a differential epidural
nerve block may help distinguish somatic and psychogenic

--
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pain.' A pain management specialist should be skilled in
both of these techniques.

Major surgical intervention is reserved for intractable
cases after all other therapeutic modalities have been
exhausted and a psychologic evaluation as well as a differ
ential epidural block to rule out psychogenic pain has been
performed. Interventions include urinary diversion and
partial cystectomy with augmentation enterocystoplasry,
Given the risk of recurrent pain, augmentation entero
cystoplasty should be reserved for patients with classici
ulcerative Ie.64

•
65

Success rates of up to 70% are reported for urinary
diversion/:" Surgical approaches include continent (pouch)
or incontinent (ileal loop) diversion either with or without
cystourethrectomy. There are reports of recurrent symp
toms as well as pouch spasm in continent diversions which
have led some surgeons to recommend incontinent loops.
The etiology of symptom recurrence is unknown. Reported
complications from the in situ bladder post diversion include
pyocystitis, hemorrhage, severe pain, and bladder spasm."
Persistent pain from urethral remnants has been reported."

Finally, alternative therapies such as nutraceuticals,
Chinese herbs, and acupuncture may provide additional
symptom relief in the recalcitrant patient."

CONCLUSION
In spite of recent interest in the natural progression and
etiology of IC, relatively little is known. The criteria estab
lished by the NIH-NIDDK in 1988 to standardize research
protocols are now being questioned. There is consensus that
future IC research should focus on validating the diagnostic
criteria of IC as well as the criteria used for research pro
tocols. It has been suggested that since pain is the hallmark
of IC, control groups in future IC studies might be limited
to those with urgency-frequency syndrome." This debate
may be settled if a biologic marker is validated for IC
diagnosis, the most promising of which is APF. Future DNA
studies of bladder biopsies may also provide the key to both
the etiology and natural progression of Ie. Until then,
thoughtful examination of the clinical criteria we currently
use to define IC should be undertaken.
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Chronic Pelvic Pain: Diagnosis
and Management

CHAPTER

27
Malcolm Lucas, Andrew Pickersgill and Anthony R B Smith

INTRODUCTION
Chronic pelvic pain is a clinical enigma that, whilst often
leading to utter despair on the part of the sufferer, regret
tably often engenders responses in clinicians varying from
bored lack of interest to avoidance and denial. This probably
reflects the frustration felt by clinicians who usually prefer
the reassurance of dealing with recognizable pathology and
conventional medical models of care. Such frustration is
not surprising as many cases of pelvic pain are difficult to
explain and extremely difficult to treat effectively. This
chapter will present a conceptual framework for some of the
mechanisms involved together with a pragmatic guide to
management based, as far as is possible, on evidence.

A CONCEPTUAL FRAMEWORK
Pain models. Much has been written about chronic pain
and numerous models have been proposed for defining
and categorizing the condition. The traditional biomedical
model holds that pain is a physiologic response of the body
to tissue damage or a pathologic process and that any psy
chologic response is secondary. The corollary of this would
be that if no pathology can be found, the pain would be said
to be psychologic in origin-or psychosomatic. This is an
outmoded, often stigmatizing concept that is of little help to
many patients except those with readily identifiable causes.
Most workers would now prefer the biopsychosocial model
which recognizes that pain is a complex subjective, sensory
and emotional experience which can be affected by many
factors including physiologic, social and cultural conditions.'
This is a more useful concept, the acceptance of which
implies the need for multidisciplinary skills in the provision
of care.

The traditional biomedical model, however, still forms
the basis of a great deal of our structured thinking about
chronic pain and has to be understood by medical practi
tioners in detail. Within this model we recognize the exis
tence of somatic pain, which is mediated by sensory fibers, is
well localized and in which referred pain is rare. An example

would be pain from a hernia, an injury or fracture. Visceral
pain, on the other hand, is typically poorly localized, medi
ated by autonomic nerves and referred pain is common. The
pain associated with constipation is typical of this route of
pain mediation.

Any pain which is chronic (defined by the pain societies
as lasting more than 6 months) may in addition become
"centralized." This phenomenon, presumably caused by the
"overuse" of certain pain pathways, becomes upregulated
and no longer requires the same intensity of stimulus, or
indeed any stimulus at all, to generate the pain. This is
known as "wind-up" or centralization of pain and has two
recognized stages.

• Hyperalgesia: the pain response is more intense and
prolonged than would be expected from the type of
stimulus.

• Allodynia: the pain response occurs spontaneously
from non noxious stimuli such as the touch of clothing
or a cotton wool ball. This type of centralization is
extremely common in chronic pelvic pain.

Pelvic and genitourinary pain terminology. The
plethora of terms used to describe subtle clinical variations
of genitourinary pain has led to much confusion and obscu
rity. The term "urethral syndrome," for instance, though
widely used, may mean quite a different thing to a gyne
cologist than to a urologist and may be little different in
meaning from, say,"urerhrotrigonitis." Neither term conveys
meaning to fellow clinicians or to patients. Academics will
argue about the relative features of "vaginismus" versus
"dyspareunia";' a semantic debate which most sufferers would
regard as esoteric and unhelpful. Such expressions have
sometimes evolved with the aim of offering precision in
diagnosis, sometimes completely the opposite, and occasion
ally deliberately to obfuscate with jargon. Other examples
are shown in Box 27.1.

The International Continence Society has tried to address
this issue and introduced a new system of terminology
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Box 27.1 Obsolete tenninology

Urethral syndrome

Trigonitis

Urethrotrigonitis

Strangury

Dysuria

Bladder spasm

Interstitial cystitis

Vulvodynia

Vaginismus

Vestibulitis

Vestibulodynia

Dysesthesia

Hunner's ulcer

Frequency-urgency dysuria syndrome

Urethritis

Detrusor mastocytosis

Cystitis parenchymatosa

Other related tenns

Pelvic fibromyalgia

Pelvic congestion syndrome

Proctalgia fugax

Levator ani syndrome

Pudendal neuralgia

Coccygodynia

which, though simplistic in concept, helps to clarify
meaning. The full detail can be found at the website
www.icsoffice.org but in summary the principles (relating to
women only) are as follows.

The symptom of pain should be defined in relation to its
anatomic site such that:

• bladderpain is felt suprapubically or retropubically, and
usually increases with bladder filling and may persist
after voiding

• urethral pain is felt in the urethra and the woman
indicates the urethra as the site

• vulvalpain is felt in and around the external genitalia
• vaginal pain is felt internally, above the introitus
• perineal pain is felt between the posterior fourchette

(posterior lip of the introitus) and the anus
• pelvic pain is less well defined than, for example,

bladder, urethral or perineal pain and is less clearly
related to the micturition cycle or to bowel function
and is not localized to any single pelvic organ

• analpain is felt in or around the anal canal.

There are some problems with this. Not all pain is so readily
localizable in site though the factors that trigger it may be
organ specific. Nor does this scheme allow for pain felt in
the pelvic ring or in the suprapubic region. Pain may occur
in numerous sites which together make up a pattern for
that individual. It would be useful to describe the triggers of
pain separately from the site. For instance, bladder filling or
vaginal penetration may induce spastic and painful contrac
tion of the pelvic floor. How would this pain be classified?

Pain syndromes. The ICS has tried to identify pain
syndromes which describe functional abnormalities where a
precise cause has not been defined. "Syndromes describe
constellations, or varying combinations of symptoms, but
cannot be used for precise diagnosis. The use of the word
syndrome can only be justified if there is at least one other
symptom in addition to the symptom used to describe the
syndrome." It is presumed therefore that a diagnostic
process has taken place that excludes other recognized
causes of pain, a process of exclusion (see Table 27.1). Each
of the "syndromes" described requires, within its definition,
that all other identifiable pathology and signs of infection
have been eliminated.

Most women experience some uterine pain in association
with menstruation. The severity ranges from mild and
transient at the onset of menstruation to severe and debili
tating pain predating menstruation and continuing until the
loss has ceased. The pain is typically a cramp-like spasmodic
pain. Terms such as primary and secondary dysmenorrhea
are generally unhelpful and the focus in managing such
pain should be on defining whether there is evidence of
uterine or other pelvic pathology. Fibroids and intramural
endometriosis are the most common uterine pathologies
seen, the former being relatively obvious on ultrasound
imaging. Menstrual loss is often increased in association
with more painful menstruation. A woman presenting with
increased menstrual loss should have the cause of the heavy
loss determined (pathologic, hematologic, and endocrine).

Painful bladder syndrome is the complaint of suprapubic
pain related to bladder filling, accompanied by other symp
toms such as increased daytime and nighttime frequency, in
the absence of proven urinary infection or other obvious
pathology. The ICS believes this to be a preferable term to
"interstitial cystitis" which is a very specific diagnosis (see
Chapter 26) with which many patients with a painful bladder
syndrome will not conform.' The traditional definition of
interstitial cystitis by the National Institute of Diabetes,
Digestive and Kidney Diseases (NIDDKt was established to

help researchers standardize the patient group that they
were researching. Whilst this helped with the science, it
effectively disenfranchized many patients who shared the
syndrome but failed to meet all diagnostic criteria. We now
recognize that few patients actually have a true ulcer 3 and
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Tabl.27.1 Diagnostic m.a.u.... for the Id.ntlficatlon of und.rfylng causes of pelvic pain .yndrom.-cont'd

Condition History Examlnlltion Cultu.... Imaging Endoscopy Urodynamlca PST Histology Special tests

Anorectal

Constipation y y Plain film

Fissure y y Sig

Anal or rectal y y Sig y
carcinoma

Inflammatory bowel y Contrast Sig y
disease studies

Irritable bowel y
syndrome

Appendicitis y y Lap

Hernia y y US/CT

Neurologic

Conus or root lesion y y MRI

Nerve entrapment y y

Psychosoci.1 problems
--

Dep.....ion y

Sexual abuse y

Substance abuse y

Eating disorder y

Need for y
contraception

School avoidance y

Gene",1 mediCIII

Vascular, e.g. y y y
Reynaud's

Sj6gren's y y y

SLE y y y

RA y y y

Cutaneous dise888 y y y
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that glomerulations may be seen in asymptomatic women,
Classic histologic features, such as mast cell infiltration,
are often absent in women who otherwise share the same
clinical syndrome, The ICS and other recent publications
have recommended abandoning the term interstitial cystitis
or at least relaxing the criteria for diagnosis.l" There have
been three consensus meetings on the diagnosis of painful
bladder syndrome recently which have brought some
agreement to the process of diagnosis.I"

Urethral pain syndrome describes the combination of pain
felt in the urethra associated with other lower urinary tract
symptoms or sexual symptoms, in the absence of known
pathology or proven urinary tract infection. The term
"urethral syndrome" has been used for years by some to
represent the same thing but there is confusion because
others would use this term to describe early symptoms of
interstitial cystitis, Difficulty arises from the inadequacy of
definition of urine infection and there is recognition that



insistence on 105 organisms per HPF is too dogmatic for
asymptomatic women.'?

Vulval painsyndrome, vaginal, perineal, perianal andpelvicpain
syndrome all describe the combination of pain at the anatomic
site associated either with the micturition cycle or with
symptoms suggestive of urinary tract or sexual dysfunction
in the absence of proven infection or other obvious pathol
ogy. Vulval pain may be generalized or specific, charac
terized by the degree to which a point of tenderness can be
defined.

CAUSES OF CHRONIC PELVIC PAIN
Conventionally, an understanding of etiology is important
because it directs treatment strategy. There are, of course,
important recognized causes of pelvic pain which are sum
marized in Table 27.1. The pelvic pain syndromes remain
more of an enigma, however, with numerous putative
mechanisms involved.

Much has been written about the etiology of "interstitial
cystitis" and rather less about the pain syndromes described
above. It is helpful to the clinician to think in terms of
interrelationships ofcausation rather than attempting always
to categorize. This helps to provide a framework for diag
nosis, just as the use of a urodynamic mindset for describing
bladder and urethral dysfunction helped the management of
incontinence.

Potential etiologic causes for any pelvic pain syndrome
include infection and inflammation, physical trauma, the
effects of local hypoxia, autoimmune abnormalities, and
neurogenic dystrophy. The possible mechanisms involved in
the genesis of interstitial cystitis have been discussed in
Chapter 26.

Pelvic floor dysfunction. The pelvic floor muscle
complex is essential for the support of the pelvic organs and
the prevention of incontinence. These muscles may become
underactive, as seen in incontinence and prolapse, but may
also become overactive. Overactive pelvic floor muscles will
cause difficulty with voiding (urine or stool) and an
increasing problem with constipation and urinary retention.
This is a vicious cycle which may exacerbate the underlying
pelvic floor "spasm."!' It may result from habitual avoidance
of voiding or defecation, for instance in jobs which do not
permit ready access to a toilet, and may be related to psy
chosocial problems, including anxieties about sex. There is
a recognized association with a history of sexual abuse
in earlier life, though this association must never be
assumed.V'!' An overactive pelvic floor will result in aching
and pain,14-16

There will often be triggers for the pain which bear no
direct relationship to the etiology; for instance, sexual

A PRAGMATIC APPROACH TO MANAGEMENT I

Figure27.1 A conceptual model of the relationship between
underlying etiologies, triggering mechanisms and clinical
syndromes.

intercourse or simple bladder distension may be powerful
triggers for a painful bladder syndrome which might
have its underlying cause in an autoimmune phenomenon
(Fig. 27.1). Consequently treatment remains empirical in
most cases where a precise cause for pain has not been
identified.

Some of the concepts discussed in the above section are
summarized in Figure 27.1.

A PRAGMATIC APPROACH TO MANAGEMENT
Whilst our first step in management must be the exclusion
of serious conditions, patients usually want help and not
just a diagnosis. We should therefore try to provide support
and practical help from the start and this is best done
with the help of specialist nurses who will see the patient
too. Patients should be warned at the outset that it is
possible, even likely, that no organic cause for pain will be
found. This encourages the subsequent acceptance of this
fact, after numerous tests have been carried out, and it is

--
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less likely to result in them simply seeking help from
another doctor.

Diagnosis
History and examination. A detailed history is essential
to characterize the symptoms. It is absolutely critical to
establish a relationship with the patient based on trust, and
spending time with them trying to understand the detail
of their particular pain experience is a vital part of this
process. In particular, one must know the precise site of each
component of the pain, the system to which it relates (is
it related to micturition, defecation or intercourse?), its
temporal relationships, its intensity, and what triggers and
relieves it.

A symptom index and problem index was developed by
O'Leary" to help with this, and other generic quality of life
scoring systems, such as the SF-36, SF-12, and King's Health
Questionnaire,18 may be of value particularly in monitoring
the response to treatment,"

Quantification of pain is routine in pain practice using
standardized pain scoring tools. A pain diary is useful for
demonstrating the relationships of pain to micturition,
defecation, and sex.

Table 27.1 shows how important the general medical,
surgical, obstetric, and psychosocial history may be in deter
mining a diagnosis of generalized medical disease. A general
and localized clinical examination (which must include
careful vaginal examination) is also important in exclusion of
conditions such as genital malignancy, cutaneous disease,
and hernia. Pelvic examination must be extremely careful
and aimed at identifying areas of tenderness and pelvic floor
spasm as well as obvious pelvic pathology.

Initial investigations
URINE CULTURES. Urinalysis is important to exclude
diabetes as well as identifying pyuria and hematuria which
mandate further investigation. Many patients will already
have had multiple midstream urine cultures performed
with little or no abnormality detected. It is always worth
repeating these but consider taking urethral swabs and
suprapubic punctures of bladder urine.

Current standard definitions of UTI allow for a state
where a painful bladder syndrome may exist in which no
bacterial infection can be identified on standard culture
criteria. However, infection, particularly with fastidious
organisms such as gardnerella, Mycoplasma bominis; Chlamydia
tracbomatis or Ureaplasma urealyticum has long been suggested
as a cause of painful bladder syndrome. Special culture tech
niques (including early morning specimens for TB) ought
to be used to try to identify any low-grade chronic infection.
It is worth discussing these protocols with your local
microbiologist who should understand the difficult group
of patients to whom these tests refer. Studies on bladder

biopsies with DNA probes for specific bacteria have so far
failed to identify a common infective pathogen."

VAGINAL TESTS. High vaginal swabs are mandatory to
exclude chlamydia, gonorrhea and other vaginal pathogens."
Screening for chlamydia with serology is also important in
sexually active young women to reduce the risk of chronic
PID and infertility.

A cervical smear is advisable to exclude cervical cancer or
CIN disease. Vaginal pH should be checked (5-6.5 suggests
infection).

IMAGING. A transabdominal scan may identify ovarian cysts
and other adnexal pathology (e.g. hydrosalpinx). It also
allows assessment of the kidneys and extrapelvic manifes
tations of malignancy, e.g. ascites, and permits visualization
of the uterus (e.g. for fibroids), the endometrial cavity, and
the bladder before and after menstruation. The investigation
will only identify endometriosis if there are endometriomas
present.

Transvaginal scanning (TVS) is much more sensitive
when looking at the pelvis, especially the endometrial cavity.
It will provide better images of endometriotic cysts or ade
nomyosis, though MR scanning may be even more reliable
for the latter. Pelvic varices can be identified by using
transvaginal US with color Doppler and Doppler spectral
analysis."

Hydrosonography can also be employed to delineate
polyps and intracavity fibroids. It may identify adenomyosis
and provide clearer images of the ovaries.

A plain abdominal x-ray will exclude urinary calculus.
MRI is as sensitive as scanning to detect endometriomas.

Spinal MRI may be necessary to exclude conus or root
pathology, particularly if there were any identifiable neuro
logic signs.

Barium enema can be used to detect sigmoid/rectal
disease in severe endometriosis.

ENDOSCOPY. Cystoscopy is essential to exclude bladder
pathology as the cause of pain. Flexible cystoscopy is a
useful investigation for testing the patient's tolerance of
urethral instrumentation and for conscious pain mapping.9

,23,24

Cystoscopy and examination under anesthetic, however,
are more widely used as they allow for an objective assess
ment of both the pain reaction to bladder filling (patients
with an inflammatory bladder syndrome will often hyper
ventilate when the bladder is distended, even under deep
anesthesia) and also of any ulceration, the presence of
release bleeding or petechiae and an opportunity to both
biopsy and hyperdistend the bladder (see below). It has been
shown, however, that some of these abnormalities are no
more common in patients with painful bladders than in
patients being cystoscoped for other reasons.'



For any patient in whom pain is perianal, a full exami
nation of the rectum is essential. This can only be carried
out using the sigmoidoscope and a proctoscope is inade
quate for this purpose, giving views only of the anal canal.
Flexible sigmoidoscopy and colonoscopy should be con
sidered to exclude colonic pathology in anyone who has
associated alteration in bowel habit.

Laparoscopy may be particularly valuable to exclude con
ditions such as hydrosalpinges, ovarian disease, endometrio
sis, and pelvic adhesions, and for identifying pelvic vascular
congestion.i':"

Hysteroscopy is useful if polyps or submucosal fibroids
are suspected.

BIOPSIES. Bladder biopsy is useful to confirm the presence
of inflammatory changes in a painful bladder and occa
sionally to identify the presence of carcinoma in situ." It
may also be useful to diagnose endometriosis and other
painful conditions of the peritoneum.

URODYNAMICS. The role of urodynamics has been debated
and accepted as a recommendation in the diagnosis of
bladder pain. Its main value in diagnosis is the exclusion of
detrusor overactivity but it also provides a further form of
conscious pain mapping with quantification of response to
measured bladder volumes. This is essential for the NIDDK
definition of interstitial cystitis and, of course, is a condition
that can be treated specifically"

The potassium sensitivity test (PST) identifies patients
with increased epithelial permeability.30-32 Most patients
with severe painful bladder syndrome went through an
initial phase of more limited symptoms, perhaps with fre
quency and nocturia alone or with recurrent limited
episodes of abacterial cystitis. The PST may have a role in
identifying these patients at an early stage before they have
developed serious pathologic changes in the bladder wall or
begun to convert somatic inflammatory pain into neuro
pathic pain.. There is a window of opportunity here to treat
patients at an early stage of their disease if the possibility of
the diagnosis is kept in mind.

The maximum tolerated bladder volume with and
without potassium chloride is recorded, a positive result
being a smaller value for KCl. This correlates well with the
presence of a diagnosis ofIC.33 However, there are also false
positives in other inflammatory conditions so the consensus
is that the test has poor discriminating power.

Pain related to the menstrual cycle. Pain which
follows a cyclical pattern with the menstrual cycle raises
the suspicion of a gynecologic etiology although women
will often report that conditions such as irritable bowel
syndrome are worse at different times of the menstrual
cycle.

A PRAGMATIC APPROACH TO MANAGEMENT I

Box 27.2 Gynecologic causes of chronic pain

Uterus

• Period pains (primary dysmenorrhea)

• Intramural endometriosis (adenomyosis)

• Fibroids

Fallopian tube

• Chronic salpingitis

• Hydrosalpinx

Ovary

• Benign/malignant ovarian cysts

• Endometriotic cysts

• Ovarian entrapment by adhesions

General

• Endometriosis

• Peritoneal changes leading to chronic inflammation

• Fibrosis

• Venous congestion

• Adhesions secondary to infection/endometriosis

• Congenital anomalies

INVESTIGATION. Chronic infective conditions such as salpin
gitis, in addition to endometriosis and fibroids, are often
associated with heavy and painful periods. Pelvic ultrasound
can identify many gynecologic pathologies and many
women are sufficiently reassured by negative ultrasound to
decline further investigation. Diagnostic laparoscopy is
clearly more invasive but may be necessary to determine
whether endometriosis is present and whether there are
adhesions within the pelvis. Since there is evidence that
early endometriosis, superficial or mild, has a better prog
nosis if treated, laparoscopy may be justified in the inves
tigation of women with chronic pelvic pain. If ultrasound
demonstrates increased endometrial thickness in the
presence of pain and menstrual abnormality, hysteroscopy
may be appropriate since an intrauterine fibroid/polyp may
require removal.

If ultrasound and laparoscopy are negative in the pres
ence of cyclical pain, suppression of ovulation may be indi
cated. The combined oral contraceptive pill is the simplest
method but GnRH analogs may be required.

Treatment Strategies
Basic principles. Because of the perceived rarity of each
of these clinical syndromes, there are few data available
from randomized controlled trials and our knowledge of
efficacy is based on sporadic reports, largely of longitudinal
series. It is also important to remember that for most func
tional disease, there is a high placebo effect and measurable
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rate of spontaneous resolution. All other treatments should
be compared against this baseline but rarely are. If ever there
was a type of suffering ripe for exploitation by unproven
treatments and unscrupulous practitioners, then this would
be it. A quick review of internet sites relating to this topic
rapidly reveals this to be the case.

Most of these patients are likely to go through a period of
protracted investigation and repeated treatments. It is
important to provide some structure to this process both to
ensure the completeness of investigative pathways and for
the patient to understand that there is a rationale to their
treatment. The use of symptom scores, structured pro
formas, and a dedicated multidisciplinary clinic all help to
provide this framework.

Avoidance of triggers. All patients with painful bladder
or urethra syndromes find there are triggers to their pain.
Identifying these is a process of careful detective work that
some will take to with compulsion. Drugs, allergens or
dietary components, bubble baths, tampons, and deodorant
soaps are common noxious agents but others are extensively
described within the support literature from the help organ
izations.Avoidance often involves significant and unwelcome
changes in lifestyle. Treatment of associated constipation
may require the use of laxatives or fecal softeners but sup
positories should be avoided.

Patients will usually have tried some form of self-help,
ranging from the use of hot baths and heating pads to rest
and inactivity, but usually with little reward."

Support. Psychologic support and practical advice are
essential for these patients and only rarely is this best
provided by the doctor. The Interstitial Cystitis Support
Group, Interstitial Cystitis Network, and the Interstitial
Cystitis Association are all very professional organizations
who provide a wealth of information for sufferers, much of it
web based. The only disadvantage is their use of the name
interstitial cystitis, which implies to all patients that they
have a precise diagnosis, with associated expectations, when
often they do not.

The National Endometriosis Society and Simply Holistic
Endometriosis may be helpful for endometriosis sufferers.

Generic treatments
TREATMENTS FOR PAIN AND SPASM. All patients want
pain relief and whilst it is appealing to try to address the
underlying cause primarily, the reality is that this is rarely
known and takes a long time to determine. A pragmatic
guide to pain relief is therefore a vital part of this treatment
schedule. The input of a chronic pain specialist is a highly
desirable addition to a specialist pelvic pain clinic.

Primarily inflammatory pain (somatic or visceral) may
respond to nonsteroidal antiinflammatory drugs (NSAIDs)

such as ibuprofen or maproxen. Most of the evidence
available for their use in pelvic pain relates to dysmenorrhea
in which they are shown to be more effective than paraceta
mol.35

,36 Beware triaprofenic acid (Surgam) which has been
shown to cause an inflammatory cystitis." The COX-2
inhibitors such as celecoxib also have a role as alternative
antiinflammatory approaches but should be reserved for
those patients who are unable to tolerate NSAIDS because
of gastric or other GI complications.

The use of regular opioids for chronic pelvic pain causes
anxiety for both clinician and patient. They should only be
used once the antiinflammatory options have been fully
tried but remember that NSAIDS may also have a syner
gistic effect when used in tandem with opioids. Chronic
opioid use must be carefully controlled, preferably by a
single consistent source such as the pain clinic or the GP.
Longer acting opioids (e.g.MST, oxycodone) are better than
short-acting drugs, and fentanyl patches are well tolerated.

Remember that what starts as somatic pain may often
become centralized neuropathic pain. Characteristically this
type of pain is out of all proportion to the apparent somatic
cause and tends to be triggered at increasingly lower
thresholds. It is also not relieved by local therapies. Opiates
are not effective for this type of pain. Tricyclic antidepres
sants are commonly used for neuropathic pain but also have
anticholinergic and anti histaminic effects. There is no
controlled study of their use but they may improve symp
toms, particularly when taken at night. Indeed, the use of
amitriptyline has been given a grade B recommendation by
the consensus meetings on bladder pain." Serotonin reuptake
inhibitors such as fluoxetine enhance the adrenergic
regulation of pain pathways in the spinal cord and may also
be useful but have not been investigated. Anticonvulsants
will reduce the excitability of afferent pain pathways.
Though carbamazapine has been used, gabapentin is rapidly
becoming the first-line treatment for neuropathic pain and
can be safely prescribed in gradually increasing doses up to

900 mg three times per day, and is well tolerated. The data
regarding its use in pelvic pain syndromes are, as yet, thin on
the ground.

It is possible that painful bladder syndrome sometimes
results from a state of painful pelvic floor spasm which is
triggered by bladder filling or emptying. This theory has led
some workers to try pelvic floor relaxation techniques in the
treatment protocols for these patients. Diazepam or baclofen
may be useful in this respect but physiotherapy (pelvic
muscle training aimed at teaching relaxation) may be more
effective. Extracorporeal magnetic stimulation is a tech
nique in which a powerful electromagnet resides beneath a
chair and delivers pulsatile magnetic field that induces
pelvic muscle contraction. The technique has been used in
21 patients with chronic pelvic pain syndrome in our unit
but was found to be ineffective.



TENS. Transcutaneous electrical nerve stimulation is com
monly used for relief of chronic pain syndromes. Whilst
this is a self-administered treatment, best results probably
occur when a trained therapist can spend time explaining
the technique to the patient. The effect is cumulative over
time and may operate through the gate control mechanism
or by modulating pain pathways or autonomic reflexes."

The results of treatment are difficult to assess in a ran
domized controlled trial because of the high intensity of
stimulation. Twenty-one of 33 patients with ulcerative
interstitial cystitis were effectively relieved of pain though
this required continued use of the stimulator." However,
the results were less good with nonulcerative, painful
bladder syndrome. It is possible that electrode positioning
will affect the results of treatment. Suprapubic," vaginal
anal,":" and tibial nerve sites43,44 have been tested, all with
some success.

Acupuncture has also been used and anecdotally clini
cians will usually be aware of patients who appear to have
benefited from this treatment. Chang" showed an 85%
improvement in symptoms after acupuncture but that the
improvement wore off with time. A randomized trial of
acupuncture and moxibustion therapy (n= 128) versus
"western medicine" (n=52) in women with "urethral
syndrome" showed short-term response in 91% versus 21%
and prolonged improvement in 80%.46 However, the
definitions of both the traditional Chinese techniques used
and the western medicine employed were not clear.

NERVE BLOCK TECHNIQUES. Nerve blockade may be used
temporarily as a diagnostic or therapeutic trial (usually
using bupivacaine) or permanently, by using a neurolytic
agent such as phenol. Pudendal nerve section has already
been discussed. The caudal epidural space, the sacral roots
as they pass through the sacral foramina, and the presacral
plexus in the presacral space can all be injected under
imaging control. The lumbar sympathetic plexus can also be
injected if pain is thought largely to be visceral in origin.

These are techniques for the anesthetist who has
specialized in pain management and is another area in which
the need for multidisciplinary care of these patients is
paramount.

Treatments specific to the painful bladder or
urethra
BLADDER DISTENSION. Hydrodistension has been popular
for treating bladder pain since the 1930s. Sensory nerve
sprouting is often seen histologically in painful bladders and
there is an increase in neuropeptides in muscle samples.
Releaseof these substances and others may induce an inflam
matory reaction. We also know that patients with chronic
pelvic pain syndrome have altered sensation of pain gener
ated by heat, indicating an abnormality of small-diameter
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unmyelinated C fibers.'? Whatever the cause of this
neuropathy might be, it is the rationale behind the use of
hydrodistension as a treatment option, because the effect of
hydrodistension is to create a state of submucosal ischemia
which renders the sensory nerves inactive. The effect may
increase with duration of distension but tends to be short
lived. Thus, a classic Helmstein distension under epidural
anesthesia for 2 hours works better than a short hydrostatic
distension with the cystoscope." Glemain, however, showed
that only 43% of 63 patients remained in remission at
I year.49

The evidence on hydrodistension amounts to level 2- at
best and whilst it is widely practiced, there is little scientific
justification for its use as a routine intervention.

ANTIINFECTIVE TREATMENTS. Any routinely proven bacte
rial urine infection should be treated in the conventional
way with appropriate antibiotics.

There are few data about the routine use of antibiotics
in the absence of proven infection. Warren carried out a
RCT in 50 patients and clinical improvement occurred in
12/25 on antibiotics compared to 6/25 on placebo;" 10/25
compared to 5/25 became pain free. One school of thought
proposes that most chronic pelvic pain is infection related
and that it is the inadequacy of diagnostic techniques that
leads to a failure to identify the cause. However, much of this
work is based on nonpeer-reviewed data and must be viewed
with some caution.

In a study of antibiotic therapy for urethral pain syn
drome, 58 patients versus 51 with proven UTI were treated
with antibiotics. There was no difference in recovery time
for urgency or dysuria, suggesting that positive culture may
be irrelevant to clinical practice." However, this study did
not examine the longer term outcomes of antibiotic therapy
in these groups.

Sexually transmitted infections may also be important in
causation and require urethral and opportunistic organism
culture techniques and serology for identification.

ANTIINFLAMMATORY TREATMENTS/ORAL THERAPY Many
patients with a painful bladder syndrome will have chronic
inflammatory changes in bladder histology. Mast cell
granules are known to release vasoactive and nociceptive
substances, including histamine, that attract inflammatory
cells and may be a stimulus to increased nerve density, in
turn responsible for the sensory phenomena and further
stimulation of the inflammatory response. Mast cells are not
always visible but the presence of inflammatory changes
would support the use of antihistamines in treatment. Other
antiinflammatory treatments are more nonspecific but
equally justified.

Antihistamines alone have been ineffective in the man
agement of painful bladder though they are often included
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in bladder instillations. Hydroxyzine has been evaluated in
a case series of 150 patients in which there was a 40%
reduction in symptoms score." Cimetidine has a known
immunosuppressive effect and offers symptomatic improve
ment to some patients though its mechanism of action
remains unclear," Steroids might be expected to have some
value, particularly in the light of the good association with
other autoimmune conditions such as SLE and IBD. They
have been reported to show 70% initial response but there is
a high relapse rate." Further evidence of their value is
pretty sparse though they are often included in intravesical
cocktails.

INTRAVESICAL TREATMENTS. Dimethyl sulfoxide (OMSO)
is an industrial solvent akin to bleach which has been found
to have powerful antiinflammatory properties and used as a
bladder instillation in a course of weekly l-Iiour instillations
for 6 or 8 weeks. Response rates vary from 50% to 80%. In a
33-patient crossover trial comparing DMSO with placebo,
there was a 53% vs 18% symptomatic improvement." This
is probably the commonest form of intravesical therapy
used in the UK and is often made up as a cocktail by local
pharmacies along with steroids and antihistamine.

It is proposed that the protective glycoprotein layer of the
urothelium is defective in patients with painful bladder
syndrome, resulting in leakage of urinary constituents into
the detrusor muscle. This causes a widespread inflammatory
response. On this basis, pentosan polysulfate (Elmiron),
heparin, and hyaluronic acid have all been used as intra
vesical therapies with varying success. In some series patients
have been taught to give themselves intravesical heparin
washouts.

Pentosan polysulfate (Elmiron). Of forty-eight patients in a
randomized trial, 32% improved on Elmiron versus 16% of
the placebo group. There was a decrease in pain and increase
in voided volumes." A metaanalysis of four randomized
studies (n=398) where pain was the main outcome variable
showed a 16% difference overall between the two groups.
The number needed to treat ( NNT) was 7.57

Heparin. Heparin has some antiinflammatory action and also
helps to simulate the GaG layer of the urothelium. Because
of the cheapness of this drug, it can be instilled by the
patient regularly (10,000 IV in 10ml) several times per
week" and may reduce the need for more intensive courses
of OMSo.

Hyaluronic acid. Hyaluronic acid (30--40 mg in weekly
instillations) is now also available for this use, but is much
more expensive. Small case series have reported up to 70%
response rates.59

URETHRAL DILATION. This time-honored technique beloved
of gynecologists but scorned by some urologists may have
some justification for use in patients with pain that is indis
putably of urethral origin. A randomized trial with sub
jective outcome evaluation in 60 women showed 75%
improvement in the dilation group compared to 50% with
tetracycline or 20% on placebo." Uroflowmetry only
improved in the dilation group. Unfortunately, we do not
have evidence on which women are likely to benefit from
this technique.

Endometriosis. Endometriosis and its treatment are a
major challenge for patients and clinicians. Extrauterine
endometriosis may be classified into peritoneal, ovarian, and
rectovaginal disease. Whilst localized disease in an ovary or
the rectovaginal septum may produce symptoms confined to

the relevant area, the pain is often more widespread and may
be limited to the time of menstruation or may be continuous
with exacerbations during a period.

Diagnosis of endometriosis may require a combination of
ultrasound, laparoscopy, and histology in addition to clinical
examination, during which rectovaginal deposits are often
missed. Pelvic examination has 79% sensitivity and 32%
specificity to establish endometriosis.

Management of endometriosis can be divided into non
surgical and surgical modalities. Nonsurgical treatments
are designed to inhibit the estrogenic driver for endometrial
growth through suppression of ovarian activity. Medical
treatments are all equally effective in ameliorating the
symptoms of dysmenorrhea, dyspareunia, and chronic pelvic
pain for as long as they are taken and a few months after
wards. Simplistically, they act by creating a pseudopregnancy,
peudomenopause or a male-type hormonal environment.
The continuous use of the combined oral contraceptive
pill is the simplest choice, and progestagens may also be used
to mimic a pseudopregnancy. A pseudomenopause can be
created by using GnRH analogs, particularly when other
treatments have failed, but they do also have unwanted side
effects like hot flushes. Add-back estrogen therapy is advised
simultaneously to prevent osteoporosis and the other asso
ciated hypoestrogenic side effects."

Danazol is less popular with patients on account of the
androgenic side effects of hair growth, voice deepening, and
weight gain. There are also some concerns that it may be
associated with ovarian cancer and insulin resistance.
Gestrinone is an alternative androgenic drug,"

Surgical treatment of endometriosis can be very chal
lenging, particularly when the disease is widespread and
deeply infiltrating, involving structures such as the ureter
and rectum. There is no place for a hysterectomy and
castration (bilateral salpingo-oophorectomy) to treat this
disease. The aim of surgery should be to remove or destroy



all of the endometriotic tissue, with adjoining fibrosis and
angiogenesis. The laparoscopic approach is increasingly being
employed by surgeons who have developed high levels of
skill; results are at least equivalent to laparotomy with less
morbidity," For deeply infiltrating endometriosis, a multi
disciplinary team approach is essential and this has led to

the evolution of centers of excellence for such surgery'"
Excisional surgey is associated with statistically significant
reduction in pelvic pain; the more severe the disease, the
better the results. Over 50% will experience long-term
relief.

All forms of treatment of endometriosis are associated
with recurrence although there is a lack ofclarity about how
much is recurrence and how much is new disease. Whilst the
etiology is so poorly understood, treatment will remain an
ongoing challenge.

Pelvic cancer. Occasionally pelvic pain will be the pre
senting feature of a pelvic malignancy. This is one reason
why thorough investigation at the beginning of a manage
ment encounter is so important. Most pelvic malignancy
should now be managed by multidisciplinary teams includ
ing oncologists and surgeons who have both the training and
experience to deal with cancers that may involve more than
one organ system.

Pudendal nerve entrapment. Compression of the
pudendal nerve as it passes through the ischiorectal fossa can
cause chronic pain in the perineum, between the posterior
fourchette and anal canal. External clinical examination is
usually normal but palpation of the ischial spine on rectal
examination will usually exacerbate the pain. The diagnosis
might be confirmed by performing pudendal nerve terminal
motor latencies using the "Kiff" glove, a test which is still
used in some colorectal research departments but rarely
employed in routine clinical practice.65,66 The proof of the
pudding in this diagnosis is whether surgical release of the
nerve in Alcock's canal actually relieves the pain.

The sciatic and obstetric nerves have previously been
found to be involved in some cases of endometriosis
ensheathing and compressing the nerves.

Perianal pain syndrome. Chronic perianal pain may be
related to underlying cancer, fissure, fistula, inflammatory
bowel disease or hemorrhoids. A confident diagnosis to
exclude these conditions is therefore essential. However, in
the absence of a clear pathologic cause, the pain is assumed
to be related to levator spasm and often associated with
anismus or inappropriate sphincter activity during attempted
defecation.

Treatment may then be directed at assisting the easy
passage of stool by use of bulking laxatives and fecal
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softeners, and techniques to reduce levator spasm. Muscle
relaxation techniques as described above may be useful and
biofeedback has also been used with some success.

Nonsurgical therapies. Genitourinary pain in the
postmenopausal woman with hypoestrogenic state may be
helped by estrogen."

Recent studies have also utilized a programme of BCG
(Tice) bladder instillation with some success.68,69 Thirty
patients were treated with a 6-week course and followed up
for a minimum of 6 months. There was a 60% response rate
versus 27% placebo response. However, a further crossover
study comparing BCG with OMSO in 21 patients showed no
benefit to BCG.70

Capsaicin and resiniferatoxin (RTX) are members of
the vanilloid family, a group of powerful neurotoxins that
prevent the upregulation of VRI receptors in the primary
afferent C fibers which are important in mediating chronic
bladder pain." Both drugs are effective though capsaicin is
very toxic and unfortunately RTX, whilst being more
effective and less toxic, adheres to the plastic surface of
bottles and syringes so that it is difficult to control the dosing
adequately.

Recent interest in botulinum toxin for the treatment of
overactive detrusor has spread to the painful bladder and
some groups are experimenting with this novel therapy
though the mechanism of action is mysterious. Whilst the
mechanism of action on depletion of presynaptic vesicles of
acetylcholine is known, there is emerging evidence that
sensory neurotransmitters may also be inactivated by this
toxin. 71,72

Surgery. Surgery has traditionally been regarded as a
treatment of last resort in these patients but some new
developments merit a reexamination of this philosophy. In
gynecology, removal of damaged tubes and ovarian cysts
may help to relieve pain. The risks of surgical exploration
may be considerable and preoperative counseling must
include a full risk appraisal.

If chronic pelvic pain is indeed manifest though pelvic
muscle spasm then chronic neuromodulation, such as may
be achieved with the implantable Interstim device, may be
helpful in providing permanent relief up to 14 months
follow-up (Stone AR, personal communication). Whether
this is appropriate in patients who have a demonstrable
inflammatory change in the bladder is doubtful.

Sacral neuromodulation is known to help patients with
detrusor overactiviry''V" and urinary retention and has also
been applied to chronic pelvic pain." Electrical stimulation
of sacral sensory fibers appears to modulate transmission of
pain through ascending pathways or activation of inhibitory
pathways.76,77
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The technique has been used in a number of small series
of pain patients and improvements have been shown in
frequency, pain, and urgency towards normal values, while
urinary markers for IC were normalized." Reduction of
narcotic requirement and improvement in symptom scores
were also recorded in similar studies. 79

-
81

Patients with refractory pelvic floor dysfunction and
pelvic pain have also been treated with sacral neuromodu
lation, and benefit has been reported."

So far, no data are available from any large-scale or
randomized studies of this technique. The implants are
expensive and have a significant technical failure rate which
poses problems for healthcare systems with limited resources.

Transurethral resection of the bladder ulcer in ulcerative
interstitial cystitis has been shown to be effective, with
92/103 patients initially relieved, but only 40% remained
symptom free at 4 years." Treatment of the ulcer with NO
YAG laser showed a response in 21/27 ulcers but this com
pared to less than 40% response in nonulcerative disease."

Cystectomy (partial or total) has been employed with
varying success.84

,85 It is disappointing that removal of the
(apparently) painful organ can fail to relieve pain. This may
be because there is an underlying abnormality of visceral
sensation which is just as bad for an intestinal bladder as for
a natural one or that it is possible to experience "phantom
bladder pain" even after removal of the organ. Alternatively,
this failure may imply that the original cause lies within the
urine such that the augmented bladder suffers just as much.
Van Ophoven et al86 reviewed 10 series of surgical cases with
more than 10 patients in each series (n=14) who underwent
cystectomy with supratrigonal substitution. Success ranged
from 55% to 83%. Patients with trigonal disease, urethral
pain, large bladder capacities, and neuropathic conversion
faired poorly. Patient selection for some of these series may
not have been very tightly defined, however.

If there is no clinical doubt that the pain is of bladder
origin and not urethral then cystectomy and bladder sub-
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Neurogenic Bladder:
Pathophysiology
Timothy B Boone

INTRODUCTION
Our understanding of storage and micturition is rapidly
changing as advances in the science are occurring at a
quickening pace. Likewise, our knowledge of the patho
physiology of vesicourethral neurogenic disorders will
follow, to include molecular changes in both the target
organs and the neural circuitry devoted to micturition. The
physiology of voiding function is highly regulated by the
central and peripheral nervous systems.' Injury, disease, and
metabolic disorders of the nervous system can have pro
found effects on vesicourethral function. The purpose of this
chapter is to review the pathophysiology of some of the
more common neurogenic bladder disorders, realizing that
our knowledge will advance in this area as molecular tools
are applied to neuropathic detrusor muscle, interstitium,
and urothelium.

Many of the normal neural-controlled mechanisms which
maintain urinary continence and provide "pressure-safe"
storage of urine are bypassed in neurogenic vesicourethral
dysfunction. The accommodation of urine by the bladder
during filling has both passive and active properties. The
elastic and viscoelastic components of the bladder wall allow
tremendous stretch to accommodate increasing volumes
while maintaining low-pressure storage. At the same time
the lack of excitatory parasympathetic input along with
active urothelial release of nitric oxide (NO) provide a local
neural mechanism to reinforce stretch-induced relaxation
and send forward the sensation of filling,' These active and
passive processes determine detrusor compliance, the most
important physiologic parameter in neurogenic vesicourethral
dysfunction. Neural injury and disease have a strong influ
ence on bladder storage and compliance due to changes
induced in the smooth muscle, interstitium, and urothelium.
Neurogenic models of disease are beginning to demonstrate
profound changes in the detrusor muscle.' The absence of
involuntary bladder contractions while maintaining outlet
closure at rest, even with increases in abdominal pressure,
are important features to normal vesicourethral physiology,
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and these functions are often lost when neurologic injury
impacts the micturition cycle.

An overview of the neural regulation of micturition and
storage is illustrated in Figure 28.1A. Multiple reflex path
ways organized in the brain and spinal cord coordinate the
bladder and urethra during storage and urethra during
storage and voiding. The "on/off" switch in the pontine
reticular formation controls the storage of urine, followed by
effective voiding to completion. Ascending and descending
neural pathways converge in this brainstem area to regulate
the voiding cycle. A coordinated and sustained contraction
of the detrusor smooth muscle in concert with lowered
urethral resistance at the internal (smooth) and external
(striated) sphincter is often disrupted in neurologic disease.
A state of dyssynergia or discoordination between the
bladder and sphincter exists.

Figure 28.1B illustrates some of the functional changes
that can occur after neurologic injury. Normally, sensory
pathways conveying filling sensation and volume to the
nervous system are mediated by thinly myelinated Ao fibers.
Numerous animal studies and indirect human data demon
strate a change to C fiber-mediated sensory input following
neural injury to the spinal cord.' A change in the afferent
pathway from the bladder along with damage to the spinal
cord pathways ascending to and descending from the pontine
micturition center results in a loss of bladder and sphincter
coordination. Detrusor-sphincter dyssynergia (DSD) is a
functional type ofoutlet obstruction, as opposed to the classic
anatomic obstruction the prostate can induce to obstruct
urine flow and elevate voiding pressures. Involuntary bladder
contractions (detrusor overactivity) from the loss of central
inhibition along with discoordination between the bladder
and urethral sphincter(s) are a common manifestation of
neurogenic vesicourethral dysfunction (Fig. 28.2).

Reflexic contraction of the bladder against a closed ure
thra generates elevated intravesical pressure, which over
time can induce vesicoureteral reflux or loss of detrusor
compliance. Left untreated, more than 50% of patients
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Figure 28.1 (A) Normal micturition with Ad afferent-mediated sensation. (B) Neurogenic dysfunction with C fiber afferent-mediated
sensation.
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Figure 28.2 Detrusor-sphincter dyssynergia.

with DSD will develop urologic complications in less than
5 years,"

The pathophysiology of neurogenic vesicourethral dys
function can be simplified by considering failure of storage
or emptying of the bladder,' Box 28.1 illustrates the popular
Wein classification scheme modified to focus on neurogenic
vesicourethral dysfunction. Overall, some general state
ments can be made about discrete neurologic lesions. Focal
infarcts, spinal cord lesions or rumors, and focal plaques
are usually associated with predictable vesicourethral dys
function. Neurologic disease or lesions above the pontine
micturition center (PMC) in the brainstem usually result in
detrusor overactiviry (loss of inhibition) with sphincter
synergy at both the internal and external urethral sphincters

Failure to store
Due to the bladder

• Detrusor overactivity
Suprasacral neurologic disease
Suprapontine neurologic disease

• Loss of compliance
Increased muscle tone
Fibrosis

• Detrusor hypersensitivity
Urothelial changes
Local afferent neural changes

Due to the outlet

• Neurogenic sphincter dysfunction

• Fixed outlet (fibrosis)

Failure to empty
Due to the bladder

• Detrusor underactivity
Sacral neurologic disease
Peripheral nerve disease

Due to the outlet

• Internal (smooth) sphincter dyssynergia

• External (striated) sphincter dyssynergia

always being the result from suprapontine neural insults.
Injury or disease below the PMC and above the sacral nuclei
(S2-4) subserving bladder and urethral function results in
detrusor overactiviry and a substantial risk for sphincter
dyssynergia. Some common clinical neurologic disorders
that can affect vesicourethral function will be discussed,
based on the location of the neurologic impairment.



CEREBROVASCULAR ACCIDENT
Ischemia or infarction of the brain is caused by arterial
occlusion, thrombosis or hemorrhage. Cerebrovascular acci
dent (CVA) or stroke is a major cause of morbidity and
mortality with a prevalence of 60 per 1000 patients over
65 years of age. For those over 75 years, the prevalence
increases to 95 per 1000.6 Two studies have emphasized the
prognostic relationship between CVA and urinary inconti
nence. Taub and associates found initial incontinence after
CVA to be the strongest indicator of long-term disability?
Wade and Hewer studied over 500 patients after CVA and
reported a high mortality rate in those with early inconti
nence," Furthermore, reduced mobility in the long term was
associated with early urinary incontinence.

A range ofvesicourethral dysfunction can occur following
a CVA. Initial urinary retention is very common, and it
resembles the areflexic shock phase after a spinal cord injury.
The mechanism of "cerebral shock" is unknown, with 20%
of unilateral stroke patients showing frank hyporeflexia
with early urodynamic testing," Soon after the shock phase
resolves, detrusor overactivity with intact sensation becomes
the major neurogenic bladder dysfunction. Urinary fre
quency and urgency, with or without urge incontinence, is
common with bladder overactivity, and sphincter synergy is
the most frequent urodynamic finding.10,II

Other patterns of neurogenic voiding dysfunction are
seen, including detrusor underactivity and pseudodyssyn
ergia. Suprapontine input can also help facilitate complete
bladder emptying. The exact CNS sites for this input are
not currently known but noninvasive imaging with PET
scanning and functional MRI will define this in the future.
True DSD does not occur following a CVA, although the
sensation of urgent voiding leads many patients to try and
avoid incontinence with a sudden external sphincter con
traction noted with the onset of detrusor overactiviry
(pseudodyssynergia). Lower urinary tract symptoms alone
in patients with some impaired cognition can be difficult
to manage, especially when potential impaired contractility
can complicate the clinical history. Therefore, urodynamic
testing, especially in men with potential prostate-mediated
obstruction, is advisable when early conservative manage
ment is not working.

BRAIN TUMOR
One of the earliest references to the influence of the cere
bral cortex over vesicourethral function came from Drs
Andrew and Nathan, two neurosurgeons operating on
frontal lobe lesions.F The association of intracranial tumors
in the superomedial part of the frontal lobes and urinary
incontinence, frequency, and urgency has been substantial
in a larger series by Maurice-Williams. I

3 He found the over
active neurogenic symptoms only in patients with frontal

PARKINSON'S DISEASE I
lobe lesions. Other small case reports describe suprapontine
tumors with impaired contractility and retention."

CEREBRAL PALSY
Cerebral dysfunction secondary to prenatal or perinatal
infection or hypoxia causes cerebral palsy, usually charac
terized by neuromuscular disability. Up to one-third of
children with cerebral palsy will have lower urinary tract
symptoms.'! The most common symptom is incontinence,
which is diurnal and associated with uninhibited detrusor
contractions on urodynamic resting."

SHY-DRAGER SYNDROME
A clinical triad consisting of orthostatic syncope, impotence,
and bladder dysfunction was described in patients by Shy
and Drager in 1960.17 Parkinsonian features accompany this
syndrome, including tremor, gait disturbance, bradykinesia,
anhidrosis, and rigidity. Urinary symptoms usually occur
earlier than problems with orthostatic hypotension. Detrusor
areflexia with sphincteric bradykinesia or pseudodyssyn
ergia is the most common voiding pattern seen on uro
dynamic testing." Loss of detrusor compliance is a common
finding as global autonomic failure progresses for 8-10
years, which is the usual time to death following the diag
nosis of Shy-Drager syndrome.

PARKINSON'S DISEASE
A deficit of dopamine in the substantia nigra region in the
brain leads to Parkinson's disease, characterized by tremor,
bradykinesia, and muscular rigidity. Men and women are
usually equally afflicted by this leading neurologic disease,
which affects 100-150 per 100,000 people in the United
States." Voiding dysfunction is reported in 40-70% of
patients with Parkinson's disease.i'r" Loss of suprapontine
inhibition leading to detrusor overactivity with urgency,
frequency, and urge incontinence is the most common
vesicourethral abnormality seen." Obstructive symptoms
secondary to two common manifestations of external
urethral sphincter dysfunction characterize the remaining
patients with lower urinary tract symptoms. Since the
neurologic deficit is above the pons, true DSD is not pos
sible. However, pseudodyssynergia may be seen as the urge
to void which accompanies detrusor overactivity, and the
patient attempts to abort the bladder contraction with a
voluntary increase in sphincter activity.

The second external sphincter abnormality is bradykinesia
of the rhabdosphincter and pelvic floor, wherein urinary
flow is slow due to poor relaxation of the muscle with the
onset of a detrusor contraction. The combination of detrusor
overactiviry with sphincter abnormalities in an elderly
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male at risk for prostate-mediated obstruction makes careful
urodynamic evaluation mandatory before any surgical inter
vention to the lower urinary tract. Furthermore, impaired
detrusor contractility can be seen in up to 16% of men and
women, emphasizing the need for urodynamic testing to
formulate management decisions."

MULTIPLE SCLEROSIS
Focal neural demyelination causing impairment of nerve
conduction is the central pathologic lesion in multiple
sclerosis (MS). Focal demyelinating plaques with associated
edema lead to multiple exacerbations and remissions with a
variety of neurologic abnormalities. Affecting one in 1000
Americans, MS is twice as common in women as men and is
the number one neurologic disorder seen in 20-45 year
01ds.24 Up to 80% of MS patients will have lower urinary
tract symptoms, and 10% will present with voiding com
plaints as the initial manifestation of this neurologic
disease." Detrusor overactivity with symptoms of frequency,
urgency, and urge incontinence is the most common
urodynamic abnormality seen, occurring in 62% of patients,
followed by DSD in 25%, and detrusor hypocontractility
in 20%.25

Unlike some neurologic lesions, the effect of MS on the
central nervous system can change urodynamic patterns
and symptoms in up to 55% of patients.26,27 The prevalence
of voiding dysfunction in MS patients, along with the
likelihood ofurodynamic pattern changes with symptomatic
deterioration, demands that urodynamic testing play a
central role in the diagnosis and management of MS
patients. Watanabe and associates noted three urodynamic
patterns that predispose the MS patient to grave urologic
complications." The presence of DSD in men, loss of
detrusor compliance, and the use of an indwelling catheter
to manage bladder dysfunction all create a significant risk for
damage to the lower urinary tract.

SPINAL CORD INJURY
With an estimated annual incidence of 800~1O,000 new
spinal cord injuries a year in the United States, neurogenic
bladder dysfunction in this population is common." A
period of decreased spinal cord activity below the injury,
referred to as spinal shock, usually follows any significant
spinal cord injury (SCI). Somatic and autonomic reflex
activity is absent, and the bladder is areflexic with a closed
bladder neck. Urethral sphincter tone is maintained, so
incontinence is generally not a problem, except with
overflow from bladder overdistension. After a period of
weeks to months, somatic and autonomic reflex activity will
resume.

When the distal spinal cord is intact but is isolated from
higher control, the reflex behavior starts out with poorly
sustained detrusor contractions under no voluntary control.
The final pattern of vesicourethral dysfunction will be
determined by the completeness of the SCI, level of the SCI,
and the state of coordination between the bladder and
urethral sphincter mechanisms.

Suprasacral SCI. Lesions between the sacral spinal
cord and the pontine micturition center are characterized
by detrusor overactivity (hyperreflexia) with or without
sphincter synergy. In general, DSD is more common in
complete suprasacral SCI. For injuries at T6 or higher, both
the internal smooth sphincter and the external striated
sphincter can exhibit DSD. As the bladder contracts reflex
ively against a closed urethra, elevated pressures are gen
erated which, over time, will damage both the lower and
upper urinary tracts. Urodynamic testing is required to
diagnose the pattern of dysfunction, make proper manage
ment decisions, and follow storage pressures with compli
ance measurement to assure safe storage of urine. The often
quoted study by McGuire and associates established 40
cmH 20 as the pressure limit beyond which one would see
significant upper tract damage if left untreated in children
with myelodysplasia and neurogenic bladder dysfunction."
The same risk applies to SCI patients, where detrusor com
pliance during storage is the most important urodynamic
parameter to be determined and followed over time. Along
with a comprehensive initial evaluation, periodic follow-up
evaluation is required to detect and manage high-pressure
storage, high detrusor leak point pressure, bladder over
distension, vesicoureteral reflux, urolithiasis, and recurrent
infection. Guidelines for the urologic evaluation of patients
with SCI have been published by the American Paraplegia
Society.'"

The classic urodynamic survey of489 neurogenic bladder
patients by Kaplan et al reported a general correlation
between the neurologic lesion level and the predicted
pattern of vesicourethral dysfunction." However, up to 15%
of patients would be misclassified and poorly managed if the
sole diagnostic tool was a neurologic examination. At either
SCI extreme, opposite results with urodynamic testing (i.e.
areflexia with cervical lesions and DSD with sacral cord
lesions) were seen, as has also been reported by Weld and
Dmochowski.V

Spinal cord injury is classified as complete or incomplete,
using a grading classification based on somatic neurologic
findings. Complete SCI in the somatic domain does not
assure the same damage to autonomic pathways. In addition,
multiple injuries may exist, although what is detected clini
cally may reflect only as single-level SCI. For these reasons,
urodynamic testing should guide management. The reverse



argument also can be made. Neurologic diagnoses should
not be made solely on the findings of urodynamic testing.

Sacral SCI. SCI involving the conus medullaris and cauda
equina presents with lower motor neuron dysfunction. Both
afferent and efferent pathways are present in the local reflex
arc to the S2-4 spinal cord. These are damaged, resulting in
detrusor underactivity (areflexia), saddle anesthesia, loss of
voluntary sphincter control, absence of the bulbocavernosus
reflex, and reduced anal sphincter tone. Initial detrusor
underactivity with normal or elevated compliance is com
mon. However, over time, storage pressures can increase
with an insidious loss of compliance secondary to the loss of
normal innervation.

Autonomic hyperreflexia. SCI patients with auto
nomic hyperreflexia (AH) have injuries above the T6
vertebral level, which is superior to the sympathetic outflow
exiting the spinal cord to innervate visceral and somatic
organs. AH is a syndrome of exaggerated sympathetic activ
ity triggered by sensory stimulation entering the nervous
system below the lesion level. The sensory stimulation elicits
sympathetic outflow, causing arteriolar and pilomotor
spasm, leading to hypertension and a reduction in skin
temperature. Above the lesion level, compensatory vasodila
tion results in flushing and sweating in the face and neck, a
pounding headache, and reflex bradycardia. AH-induced
hypertension can be severe, leading to seizure or cerebral
hemorrhage. Bladder and rectal obstruction are common
precipitating factors. Simple urodynamic testing can elicit
AH, where immediate decompression of the bladder should
be undertaken. Other inciting factors include bone fractures,
appendicitis, decubitus ulcers, fecal impaction, instrumen
tation, clot retention, and catheter-related obstruction.

DIABETES MELLITUS
Diabetes mellitus is the most common metabolic disorder in
the United States, with neuropathy being the presenting
complication seen with most patients. Segmental demyelin
ization and neural vasculopathy are thought to damage nerve
conduction. When innervation of the bladder is affected, the
term diabetic cystopathy is used, coined by Frirnodt-Moller
in 1976.33 Over 5 million people in the United States are
diabetic and 20-40% show autonomic dysfunction." The
insidious onset of bladder sensation loss describes the classic
description of diabetic cystopathy. A gradual increase in
voiding intervals leads to detrusor distension and chronic
decompensation. Loss of contractility results and patients
may void once or twice daily with ever-increasing postvoid
residual urine volumes. Diabetic cystopathy has been
described in 26--87% of diabetics without symptoms of

MYELODYSPLASIA I
bladder dysfunction," and the cystopathy seems to occur
about 10 years after the diagnosis of diabetes.

More recently, Kaplan studied 182 consecutive diabetics
with voiding symptoms." Both motor and sensory neuro
pathy was detected in men and women with a mixture
of irritative and obstructive voiding symptoms. Nocturia,
frequency, and hesitancy were the top three voiding com
plaints. Urodynamic testing revealed delayed sensation
with over half the patients showing uninhibited contractions
on filling cystometry. Frank areflexia was found in 10%, and
23% of the patients demonstrated impaired detrusor con
tractility. Urodynamic testing in 173 diabetics by Kirarni"
showed fewer patients with uninhibited contractions (14%),
and 67% had a reduction in maximum detrusor pressure.
DSD was reported in one-third, although the spinal cord
pathogenesis of this finding is unclear to this author.

Based on more contemporary studies, it is clear that
diabetic patients with voiding symptoms require urody
namic testing to guide proper diagnosis and management.

MYELODYSPLASIA
Myelodysplasia, or spina bifida, is the most common cause
for neurogenic bladder dysfunction in children, with an
incidence of one in 1000 births in the United States.
Multidisciplinary centers manage the spectrum of serious
malformations of the spine, nervous system, and somato
visceral targets of faulty innervation. Spina bifida cystica
(meningocele), myelomeningocele (sac and neural elements),
lipomeningocele (sac, neural elements, and fatty tissue), and
myeloschisis (spinal cord open without covering) all repre
sent spina bifida variants. This variability accounts for the
variety of neurologic deficits seen in children with myelo
dysplasia. Maldevelopment and fibrosis of the lumbosacral
spinal cord can lead to neurogenic bowel and bladder dys
function along with lower extremity weakness or paralysis.

Neurologic examination is insufficient to predict the type
of vesicourethral dysfunction secondary to spina bifida."
Over half of the children studied will have bladder con
tractions, with 48% of newborns exhibiting an intact sacral
reflex are, 23% with partial external sphincter denervation,
and 29% showing complete loss of sacral cord function."
The typical patient with myelodysplasia and a neurogenic
bladder shows an areflexic bladder with an open bladder
neck and potential loss of detrusor compliance. Managing
the neurogenic bladder in children is based on five findings
gathered over the years from the clinical lirerarure."

1. Lower urinary tract dysfunction is common in children
with myelodysplasia. This dysfunction results in
urinary incontinence, urinary tract infection, and renal
damage.
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2. Bladder leak point pressure greater than 40 cmH20
places the upper urinary tract at risk along with
detrusor-sphincter dyssynergia, loss of bladder com
pliance, detrusor overactivity, recurrent bladder infec
tions, and significant residual urine volumes.

3. Upper urinary tract damage is not always reversible.
The chance of bladder augmentation is doubled in
children with neurogenic bladder storage disorders,
where intermittent catheterization is utilized for
bladder management.

4. Maintenance of normal renal and bladder function
requires regular examination to detect early upper
tract deterioration.

5. The combination of intermittent catheterization and
anticholinergic medication is very effective. Using this
combination, 60-70% of vesicoureteral reflux disap
pears, 70-75% of hydronephrosis improves, and
55-84% of urinary incontinence is cured.

DISK DISEASE
Intervertebral disk prolapse with posterolateral protrusion
causes direct neurologic damage by nerve root or spinal cord
compression. Disk prolapse or herniation occurs frequently
at the L4-5 and LS-S1 levels. More centrally based disk
prolapse seems to affect the nerves to the bladder, pelvic
floor, and penis. A large prospective study of 114 patients
with lumbar disk herniation requiring surgical treatment
revealed 27% with detrusor areflexia" All the areflexic
patients had to strain to void. Urodynamic testing was
performed before and after surgery in 86% of the patients.
Of note, only 22% of the patients with preoperative
areflexia regained normal function following disk surgery.
O'Flynn and associates reported similar results following
disk surgery," Areflexia with straining to void was detected
postoperatively in 37% of the patients. Only one patient
regained normal bladder function.

Cauda equina syndrome is a severe form of disk her
niation with lower extremity weakness, bilateral sciatica,
saddle-type hypesthesia, and bowel and bladder dysfunction.
Often patients lose voluntary control of both the anal and
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Neurogenic Bladder: Evaluation
and Management
Gary E Lemack

CHAPTER

29
INTRODUCTION
Patients with neurologic conditions frequently develop
significant lower urinary tract dysfunction during the course
of their disease. Since in many of these conditions, normal
sensation is altered, one often cannot rely on the typical
signs and symptoms to aid in diagnosing the type of bladder
dysfunction present. It is also clear that certain specific
patterns of bladder dysfunction may be associated with
greater, and potentially life-threatening, morbidity. As such,
accurately diagnosing patients with neurogenic bladder
conditions is imperative to both improving quality of life and
minimizing the risk of complications, by implementing
condition-specific therapy.

NEUROLOGIC HISTORY
In patients with progressive neurologic conditions, it is
useful to establish the onset of symptoms (often not the
same as the timing of diagnosis) as well as recent changes in
symptom severity, as this information may clearly influence
treatment recommendations. In addition, disease duration
has been correlated with the development of urinary symp
toms, particularly in multiple sclerosis (MS) and Parkinson's
disease (PO).t Even patients with presumably fixed neuro
logic conditions (ie. spinal cord injury, myelomeningocele)
may have symptomatic deterioration (ie. due to develop
ment of a syrinx or tethered cord), and therefore any recent
changes in sensory or motor function should be directly
assessed.

Patients with movement disorders should be carefully
questioned as to the onset of their neurologic symptoms
in comparison to their urinary symptoms, since those
with more progressive syndromes, such as multiple systems
atrophy (MSA),often develop autonomic disturbances (such
as bladder and erectile dysfunction) early during the course
of their illness. Patients with Parkinson's disease should
be assessed for their Hoehn and Yahr stage, which can be
useful in predicting the severity of bladder dysfunction and
prospects for further deterioration.'

Patients with multiple sclerosis should be queried as to
the timing of the onset of their symptoms, and for recent
exacerbations, as frequently such exacerbations can be initi
ated by urologic events.' In addition, inquiring about the
status of their condition (relapsing, remitting, primary pro
gressive, secondary progressive) may be quite important in
planning therapy, particularly when considering surgical
options which might require considerable dexterity.

In patients with more recent acute events, such as cere
brovascular accident (CVA), information about the stroke
location and recovery since the event can be useful, since
stroke location can impact on prognosis," Patients with history
of back surgery (often several procedures) should be ques
tioned about the vertebral level of the surgery and the
presence of ongoing sensory deficit.

Current treatments should also be documented, with
particular attention paid to medications. Medications with
properties that can affect the bladder outlet (typically with
either a-agonist or antagonist properties) or detrusor con
tractility (typically those with anticholinergic properties)
should be recorded, along with narcotic and skeletal muscle
relaxant use.

PHYSICAL EXAMINATION
General observations. Mode of ambulation and recent
progression of ambulatory disturbances should be assessed
at the initial visit. Clearly, the degree of physical independ
ence of the patient, particularly as it relates to the ability to
get to the toilet, often affects the degree of urge-related
leakage episodes. Additionally, some patients who are non
ambulatory may have great difficulty with self-urethral
catheterization. If so, an abdominal catheterizable stoma may
be a more reasonable option in the appropriately selected
patient who is considering surgical intervention.

Hand function in patients with cervical spinal cord injury
(SCI), and particularly the ability to grasp firmly between the
thumb and index or middle finger, must be carefully judged
in those who may require intermittent catheterization
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following treatment. However, it is no longer mandatory
that patients have use of both hands prior to such an inter
vention, as single-unit catheter/collection systems are com
mercially available.

An evaluation of the skin, particularly in the gluteal
region, should be carried out, as localized skin and subcu
taneous infections as well as more severe skin breakdown are
not uncommon among patients with restricted mobility.
Such issues will need to be addressed before major recon
structive procedures are considered. Some patients may also
have intrathecal pumps in place and their location, as well as
that of their tubing, should be assessed prior to surgical
endeavors.

Neurologic examination. A brief neurologic exami
nation is essential when first evaluating patients with pre
sumed neurovesical dysfunction. Mental status should be
assessed, as significant cognitive dysfunction and memory
disturbances have been independently associated with
abnormal voiding function. An appreciation of past and
present intellectual capacity may also provide insight into
the progression of lower urinary tract disorders, as well as
guiding the degree of complexity of treatment strategies.
Both motor strength and sensory level should be deter
mined, as distribution of motor and sensory disturbances can
often predict lower urinary tract dysfunction, particularly in
multiple sclerosis.'

There should also be a thorough evaluation of both cuta
neous and motor reflexes at the time of the initial encounter.
The bulbocavernosus reflex, elicited by gently squeezing
the glans penis in men or gentle compression of the clitoris
against the pubis in women and simultaneously feeling for
an anal sphincter contraction (by placing a finger in the
rectum), assesses the integrity of the S2-4 reflex arc. The
anal reflex, which assesses integrity of S2-5, can be checked
by applying a pinprick to the mucocutaneous junction of the
anus and evaluating for anal sphincter contraction. The
cremasteric reflex may be somewhat less reliable but assesses
sensory dermatornes supplied by Ll-2.

Muscle motor reflexes should also be routinely evaluated.
The most common of these are the biceps reflex (assesses
C5-6), patellar reflex (L2-4), and Achilles (ankle) reflex
(LS-S2). Evidence of an upper motor neurologic injury
would include spasticity of the involved skeletal muscle,
heightened response to reflex testing, and an upgoing toe on
gentle stroking of the plantar surface of the foot (positive
Babinski).

Genitourinary examination. Pelvic examination
should be carried out to assess for vaginal estrogenization
(noting a loss of lubrication, rugation, and blanching of
the mucosal surface) and pelvic prolapse. One should also
observe for urine loss (either spontaneous or induced by

Valsalva or cough). An assessment of the urethra is essential
in both men and women, particularly those with chronic
indwelling catheters, as traumatic hypospadias in men
and bladder neck erosion in women may require surgical
repair. A careful examination of sensation of the genitalia
may provide insight into the nature of sexual dysfunction,
if present, as both hypo- and hyperesthesia have been
described among patients with neurologic conditions. A
rectal examination should assess for sphincter tone and for
stool impaction, as chronic constipation may aggravate
voiding dysfunction.

In men, the prostate should be examined for areas of
tenderness or fluctuance since prostatitis and prostatic
abscesses are not uncommon among men with severe
neurovesical dysfunction, particularly those with chronic
indwelling catheters.

ROLE OF URODYNAMICS AND
NEUROPHYSIOLOGICTESTING
Attempting to manage patients with neurourologic condi
tions without urodynamic assessment can lead to inappro
priate treatment and significant morbidity. The use of
urodynamics has been, in part, responsible for the improved
care and longer life expectancy of many patients with neuro
logic conditions, such as spinal cord injury. In its simplest
form, urodynamics can consist of an evaluation of urine flow
and posrvoid residual. In its most complex form, it involves
a multisystem test of vesical and extra vesical pressures
during filling and voiding, coupled with fluoroscopic eval
uation of the bladder and simultaneous neurophysiologic
testing of pelvic floor function.

Since most patients with trauma-related SCI will suffer
neurovesical dysfunction, it is generally agreed that all
should undergo baseline urodynamic assessment, though the
frequency at which that should occur is somewhat con
troversial." Because these patients have also been tradi
tionally at risk for upper tract deterioration, monitoring of
the kidneys at periodic intervals is also recommended,
particularly in those with fairly severe bladder dysfunction.'
The timing of the initial evaluation generally can be delayed
until the spinal shock phase of the initial injury dissipates.
During this phase, spinal reflex activity below the level of
the injury ceases, resulting in skeletal muscle flaccidity and
a depression of smooth muscle activity, which generally
results in urinary retention due to detrusor areflexia. Patients
can either be managed with indwelling catheters or be
taught clean intermittent catheterization (CIq during this
time. With the emergence from spinal shock, bladder reflex
activity returns (often in the form of leakage) in patients
on CIC, along with skeletal muscle spasticity, to a varying
degree depending on the location of the lesion. It is at this
time that urodynamic assessment is warranted.



ROLE OF URODYNAMICS AND NEUROPHYSIOLOGIC TESTING

While fairly predictable patterns ofneurovesical dysfunc
tion follow spinal cord injury, depending on the level and
completeness of the injury, the same cannot be said of other
neurologic disorders. Patients who may be at the greatest
risk of significant morbidity are those found to have evi
dence of detrusor-external sphincter dyssynergia (OESO),
which is true of most patients with thoracic and cervical
SCI, as well as up to 70% of patients with primary progres
sive MS (Fig. 29.1), and a minority of patients with other
common disorders," Simultaneous fluoroscopic evaluation
of the bladder outlet will demonstrate ballooning of the
proximal urethra and impaired emptying (Fig. 29.2).
Interestingly, lesion site in MS may correlate with bladder

dysfunction, as the presence of cervical lesions has been
associated with the urodynamic diagnosis of OESO.9 Given
that most of these patients have sustained pathologic
overactive detrusor contractions, intravesical pressures are
frequently raised, a finding which has been shown to be
associated with long-term renal dysfunction in patients with
myelomeningocele." Therapeutic efforts therefore concen
trate on reducing intravesical pressures.

The majority of patients with other common neurologic
conditions (including most with MS, PO, and CVA) will be
found to have neurogenic detrusor overactivity (DO) on
urodynamic studies (UOS) (Fig. 29.3). While symptoms will
vary, typically sensate patients will note urgency, frequency,
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Figure 29.1 Urodynamic tracing from a 26-year-old woman withT5 incomplete SCI. Simultaneous detrusor overactivity (black arrow)
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Figure29.2 Voiding cystogram performed at time of urodynamics
reveals ballooning of the proximal urethra secondary to external
sphincter dyssynergia (black arrow). Also noted is a left-sided
bladder diverticulum (white arrow).

urge incontinence, and nocturia that typically are progres
sive. Though there are no clear criteria to distinguish neuro
genic DO from idiopathic DO (Fig. 29.4),there are emerging
data that suggest the former is more likely to be associated
with urge incontinence during UDS and the emergence of
DO earlier during filling in patients with PO than those with
bladder outlet obstruction (BOO)-induced 00.11 These
types of findings may have practical uses for predicting the
likelihood of resolution of DO following treatment for BOO
due to prostatic disease in patients with PD.

Urodynamic assessment of bladder compliance is also
essential. Patients with chronic neurogenic bladder (NGB)
conditions (such as SCI), particularly those who have been
treated with indwelling catheters for prolonged periods of
time, may develop poorly compliant bladders, which can
place the upper tract at substantial risk if left untreated.
Detrusor leak point pressure, the detrusor pressure at which
leakage is noted urodynamically, should be determined and
if elevated (typically above 40 cmH 20 ) must be appro
priately treated.

The emergence of the specific complaint of voiding dys
function in patients with MS and movement disorders
should also prompt urodynamic examination. In the case of
MS, this may indicate the progression from the typical
finding of neurogenic DO to DESD or detrusor failure,
which will clearly alter therapy. For many men with PO, it is
often impossible to sort out the contribution of typical
processes associated with this age group (such as BOO sec
ondary to benign prostatic growth) to neurogenically
mediated events. Since surgical endeavors used to treat men
with BOO may have an unacceptable rate of incontinence in

patients with PO (up to 20%), it is imperative to study these
patients urodynamically.

Specific evaluation of the pelvic floor in patients with
movement disorders may be the best example of how neuro
physiologic testing can be useful clinically. Patients with
movement disorders, particularly those with MSA and to
a lesser extent those with PO, have significant external
sphincter dysfunction. In the case of MSA, denervation
motor unit potentials (MUPs) have been demonstrated in
the majority, indicating a very specific loss of sphincteric
activity due to involvement of anterior horn cells in Onuf's
nucleus.V Electromyographic (EMG) assessment of MUPs
utilizing concentric needle electrodes allows one to differ
entiate normal from denervated and reinnervated muscle.
These findings may help in distinguishing neurologic condi
tions affecting the pelvic floor, and may have distinct
prognostic implicarions.l!

In many urodynamic laboratories, a more simple kinesio
logic assessment of overall pelvic floor muscle activity
utilizes a surface electrode placed perineally adjacent to the
anus or needle electrodes in a similar location. In general,
while surface electrodes are more easily tolerated by sensate
patients, they are prone to artefacts and can become easily
dislodged during testing. Regardless, when used for a kine
siologic assessment, recording of EMG allows a determi
nation of pelvic floor (and, by inference, external sphincter)
activity during storage (continuous low-frequency tonic
activity) and during voiding (loss of activity immediately
prior to detrusor contraction). Abnormal activity during
voiding indicates a dyssynergic pattern, which may indicate
a cervical or upper thoracic cord lesion, though dyssynergia
from other nonneurologic sources such as dysfunctional
voiding (Hinman syndrome) is not uncommon.

NONSURGICALTHERAPY
Oral medications for the overactive bladder
(detrusor overactivity). The mainstay of therapy in
neurogenic bladder conditions resulting in detrusor over
activity remains anticholinergic medications. The goal of
this therapy is to decrease intravesical pressures, increase
bladder capacity, and reduce incontinence episodes. Given
the dense innervation of the detrusor smooth muscle by
muscarinic-type cholinergic nerves, the main mechanism
by which overactive contractions are muted is by blocking
synaptic excitation at the level of the muscarinic receptor.
While many medications have anticholinergic properties,
relatively few have traditionally been used specifically for
the purpose of detrusor relaxation, and those include
propantheline, hyoscyamine, and oxybutynin. Since some of
these molecules have other properties, including direct
antispasmodic and anesthetic properties, it is possible that
part of their effect is not related to muscarinic blockade.
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Figure 29.3 Severe neurogenic (phasic) detrusor overactivity (black arrows). Leakage event denoted by white arrows.

In addition to the oral use of oxybutynin, intravesical'" and
combined intravesical and oral uses" have been recom
mended for treatment of patients with SCI, even those with
indwelling catheters."

The last few years have witnessed the development of
alternative anticholinergic medications with lower side
effect profiles, such as tolterodine (with extended-release
formulation), extended-release oxybutynin, transdermal
oxybutynin, and trospium. While none has shown superior
efficacy to oxybutynin, each has shown improved toler
ability. There does not appear to be compelling evidence
that one is superior to any of the others, particularly with
regard to treating patients with NGB conditions. Data are
now emerging that tolterodine, extended-release oxyburynin
and trospium, a quaternary amine antimuscarinic, are effec
tive in treating NGB conditions and that higher doses

may be tolerated using some of these rnedications.!"!" The
efficacy of the new M3 muscarinic receptor-specific anti
cholinergic agent darifenacin, as well as solifenacin (YM905)
which is believed to have greater bladder selectivity, has not
yet been directly assessed in NGB populations. There are
data to suggest that the M2 receptor may be responsible for
overactive contractions in patients with NGB, allowing the
possibility that M3-specific agents will not be as effective in
these populations."

In most patients with thoracic and cervical SCI who have
sufficient manual dexterity, anticholinergic therapy will be
coupled with CIC, since the vast majority will have DESD.
Patients with sacral cord lesions or cauda equina syndrome
typically will not require anticholinergic therapy in the
presence of low filling pressures though they will rely on
CIC. While many patients with distal cord lesions will be 347
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continent due to the absence of DO, some may have inade
quate sphincteric function, resulting in troublesome leakage
between catheterizations with minor degrees of bladder
fullness.

Intravesically delivered agents. Patients with refrac
tory neurogenic bladder conditions resulting in upper tract
damage, repeated infections or intractable incontinence
traditionally have been treated surgically. The emergence of
new treatment options, while still not approved and/or
commercially available, has allowed some patients to avoid
surgery. The recognition of the importance of the unmyeli
nated afferent C fiber as an important mediator of pain
reflexes from the bladder in pathologic conditions, and a
fiber which plays more of a dominant role in the micturition
reflex following SCI/I raised the possibility of desensitizing

these nerves as a means of treating refractory conditions of
overactive bladder. By binding at the (vanilloid-sensitive)
afferent nerve fiber, capsaicin was the first agent noted to
initially excite and ultimately desensitize the nerve, and
prevent the development of neurogenic inflammation and
the release of inflammatory mediators and substance p.22

,23

Several clinical trials of capsaicin for patients with neuro
genic DO have been conducted, with an average response
rate of 84%, including improvements in frequency, incon
tinence, and urodynamic bladder capacity with a durable
response noted for 2-6 months." Resiniferatoxin, a more
potent vanilloid derived from a cactus-like plant, has also
been studied for the treatment of neurogenic DO, since
it does not seem to initially excite but rather exclusively
desensitizes the afferent fiber, and therefore potentially
results in minimal pain with instillation. Randomized trials



have been conducted and demonstrate fairly dramatic
improvements in bladder capacity and reductions in incon
tinence episodes, with minimal discomfort, superior to
capsaicin.i':"

Recent studies have focused on the use of borulinurn
toxin, delivered by cystoscopic injection into the detrusor
wall, for the treatment of neurogenic detrusor overactiv
ity.27,28 Impressive increases in cystometric capacity and
reduction in voiding pressures were noted after injection of
a total of 300 U of botulinum toxin into the detrusor wall in
30 different sites, sparing the trigone, an effect which seems
to persist for 6-9 months. Many patients were able to
discontinue anticholinergic agents altogether, and complete
continence was restored in 73% of patients. No adverse
sequelae were reported in the largest experience reported to
date, though case reports of adverse reactions have been
noted." Botulinum toxin has also been injected into the
urethral sphincter for the treatment of OESO, with varying
degrees of success."

SURGICALTHERAPY
Suprapubic catheters. Patients with debilitating
incontinence unresponsive to medical therapy and those
with recurrent urinary infections secondary to indwelling
urethral catheter use may require further intervention to
improve their quality of life and/or stabilize their disease.
As a first step in the treatment of refractory neurogenic
DO, patients frequently inquire about catheter use. While
urethral catheter use is the simplest option, its association
with bladder neck erosion in women, traumatic hypospadias
in men, recurrent urinary infections and bacteriuria, as well
as the impact on sexual function, make long-term urethral
catheter use less desirable." Suprapubic catheters (SPC),
while still associated with higher rates of recurrent infec
tions, bladder stone formation," and bladder cancer" than
CIC, are generally easier to care for and associated with
fewer urethral and prostate-related complications. One
needs to be sure to assess for intrinsic sphincteric deficiency
(ISO), particularly in patients with a history of long-term
urethral catheter use, since ongoing urethral leakage can
continue despite placement of an Spc.

Treatment of sphincteric insufficiency. In patients
with incompetent outlets, treatment aimed at ISO may be
necessary at the time of SPC placement. Typically in
women, this involves either therapy aimed at increasing
outlet resistance, such as pubovaginal sling," or bladder neck
closure, which may be most useful in patients with severe
ISO secondary to bladder neck erosion and long-term catheter
use (Fig. 29.5). Artificial urinary sphincter placement has
been advocated in both men and women with urethral
incompetence, though complications such as urethral ero-

SURGICAL THERAPY I

Figure 29.5 Bladder neck erosion secondary to long-term catheter
use.

sion have been associated with its use in this population
due to repeated catheterization. In males, bladder neck
closure, as well as bladder neck tapering with suburethral
sling placement, has been advocated for patients with
minimal outlet resistance."

Augmentation cystoplasty and urinary diver
sion. Patients who seek to remain catheter free, as well as
those who develop repeated infections despite placement of
an SPC, might be candidates for continent or incontinent
urinary diversion, and/or augmentation cystoplasty alone.
Since any form of augmentation carries the risk of impaired
emptying, all patients considered for such an approach
should be carefully evaluated for their manual dexterity,
ability, and commitment to perform intermittent catheter
ization. Patients unable to catheterize via their native
urethra may be candidates for continent diversion to the
abdominal wall, though they still must demonstrate the
ability to catheterize independently. For those unable to do
so, and for those in whom the risk of disease progression
might readily affect their ability to catheterize, incontinent
diversion is often the best selection.

Incontinent diversion to the abdominal wall may involve
construction of either an ileovesicostomy, leaving the
ureterovesical junction intact, or an ileal conduit, with or
without concomitant cystectomy. Ileovesicostomy has been
advocated by several authors for its relative ease of recon
struction and versatility, though complications such as
impaired bladder drainage and recurrent infections have
been reported (Fig. 29.6).36,37 Ileal conduit diversion elimi
nates the risk of impaired drainage, though it is associated
with other perioperative complications, including recurrent
pyocystitis in roughly 25% of patients who do not undergo
simultaneous cystectomy," as well as long-term renal
damage." 349
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Figure 29.6 Cystogram image of ileovesicostomy.

Augmentation cystosplasty, with or without creation of
a catheterizable stoma to the skin, can reliably increase
bladder capacity, reduce intravesical pressures, and decrease
incontinence rates in NGB patients with refractory neuro
genic DO (Table 29.1). The portion of bowel used for
augmentation and the method of creating the catheterizable
channel have varied. In general, ileal segments appear to
be favored for augmentation when available, due to the
relative abundance of ileum and the relatively lower rate of
metabolic disturbances and long-term mucus production.
Catheterizable channels utilizing appendix (Mitrofanofl),
tapered ileum (Indiana), reconfigured ileum (Monti and
extended Monti), and retubularized native bladder, as well as
several other modifications, have all met with considerable
success. Still, complication rates in this patient population
are considerable, including the potential risk of bladder
rupture in patients with augmentation, which may present a
surgical emergency, as well as a described tumor risk in
augmented bladders." stone formation, recurrent bladder
infections, and bowel dysfunction depending upon the
segment used.

Other methods of augmentation have also been attempted
given the complications associated with bowel use. Auto
augmentation has been attempted, in which the muscular
wall of the bladder is incised and often removed (detrusor
myectomy), allowing the mucosa to balloon out. This
method has not met with good long-term success in terms of
durable increases in bladder capacity," though it may have
application in patients with idiopathic detrusor overactiv
ity.42 Ureterocystoplasty may be an appropriate option to
consider when dilated upper tracts are present in order to
utilize urothelial tissue rather than bowel," Augmentation
using allograft small intestinal submucosa, either alone" and
more recently as a scaffolding for the growth of smooth
muscle cells and urothelial cells," has also been described in
animal models. Finally, recent investigations have evaluated
the use of cultured urothelial cells for use in bladder
augmentation."

Treatment of sphincter dyssynergia. Male patients
with DESD incapable of performing CIC may desire con
tinuous urethral drainage of urine rather than incontinent
diversion or indwelling catheterization. Sphincterotomy,
which results in ongoing urinary drainage by reducing outlet
resistance, can be accomplished cystoscopically by incising
the sphincter with the cold knife, cautery or laser;" or chemi
cally by injecting the sphincter with botulinum toxin.30,48 In
both cases, repeat treatments are often required over time.
Different types of urethral stents have also been advocated
for this purpose, including the Memokath'" and Urolume,s°,5\
though complications of the stent, including migration and
difficulty with removal, if required, have been reported,
particularly with the Urolume.f

NEURAL STIMULATION
Emerging data suggest that direct eNS stimulation may
effectively treat symptoms of urinary urgency, frequency,
and incontinence with certain neurologic disorders. Patients
with SCI classically have been treated with posterior
rhizotomy, in order to abolish reflex detrusor contractions,
along with implantation of a device for periodic voluntary
anterior root stimulation (Finetech-Brindley stimulatorj.t'
Traditionally, the difficulty has been with selective activa
tion of a detrusor contraction without simultaneous pelvic
floor/sphincteric contraction, inducing a DESD type of
response and impaired bladder drainage. Newer systems
have sought to address that challenge, though at this point
implantation is still not widely recommended or available.54,55

Bladder dysfunction in the setting of other neurologic
conditions has also been treated by neuromodulation. Sacral
cord stimulation has been used to treat urge incontinence
in patients with MS, with modest success.56,57 Deep brain
stimulation has been used to attempt to control tremors in
various neurologic conditions, particularly Parkinson's
disease. Patients undergoing subthalamic nucleus stimula
tion were noted to have a significant increase in both overall
bladder capacity as well as threshold for the development of
detrusor overactivity, and a reduction in voiding pressures
compared to before stimulation, indicating a secondary
benefit of this treatment modaliry."

CONCLUSION
The majority of patients with the most common neurologic
disorders, including multiple sclerosis, Parkinson's disease,
stroke, and spinal cord injury, will be found to have
neurovesical dysfunction on thorough evaluation. However,
since urinary symptoms are not alwaysa reliable indicator of
whether bladder dysfunction exists and since the spectrum
of bladder disorders seems to change over time with pro
gression of disease in many instances, careful and ongoing
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evaluation of these patients is the most accurate means of
assuring appropriate care for their urologic issues. Furore
research efforts should focus on more promptly recognizing
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Statistical Concepts for Pelvic
Floor Clinicians
Linda Brubaker
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30
INTRODUCTION
This chapter highlightsstatistical issues relevant to researchers
in female pelvic floor disorders. The reader should be
aware that no single chapter could replace broad-based
texts or coursework in statistics. Since most clinicians have
limited training in trial design and statistical analysis, it is
critical to identify a collegial statistician for assistance in
these areas.

How does a researcher find a "good" statistician? There
are a variety of individuals who call themselves "statisti
cians." Expertise may range from a PhD degree in biosta
tistics all the way to a heightened interest, backed up with
as little as a medical school course. It is not unreasonable
to review a CV and ask other research colleagues about
their experiences with the potential statistician, especially to
determine compatibility with clinician researchers.

Once the initial project meeting has been planned, a
collaborative relationship has begun. Both the researcher
and the statistician have special obligations to ensure effec
tive communication because neither individual completely
speaks the other's professional language. The researcher
should be able to clearly present the project, patiently answer
questions while avoiding excessive "doctor" jargon, clarify
issues that are unclear, and carefully consider all statistical
recommendations. The statistician should be able to clearly
reiterate the primary aims of the study and the broad med
ical issues under study, assist the researcher with appropriate
forms of data collection, generate sample sizes, and present
a brief overview of the analytic plan. If each individual
persists with his or her own language (clinicians in "doc
speak" and statisticians in "stat-speak") it is unlikely that
clear communication will be established, creating a barrier
to high-quality research.

In many ways, statistics is like surgery. It is imperative to
know when to use a procedure and which procedure is most
appropriate. Box 30.1 lists some "golden rules" for pelvic
floor researchers to consider.

Box 30.1 Golden rules for clinical researchers

• Consult a statistician during the design phase of the
research project (be sure to have data collection
techniques approved by the statistician).

• Plan and revise the project aims very carefully.

• Select the optimal study design (usually in concert
with other research colleagues and statisticians).

• Develop the study protocol (even for retrospective
chart reviews).

• Maintain ethical research practices at all times
(including compliance with all human subjects
research regulations).

• Conduct the study in compliance with the study
protocol.

• Complete the analysis according to the a priori
analytic plan.

• Disseminate the results in a scientifically appropriate
manner.

• Plan the follow-up study.

CONSULT A STATISTICIAN DURINGTHE
DESIGN PHASE OFTHE RESEARCH PROJECT
Clinical researchers are strongly encouraged to discuss
all research plans with their statistician whiletheproject is in
theplanningphase. Regrettably, the common scenario is that a
researcher plans and executes a research protocol and
approaches a statistician only after the data have been col
lected. Often such "statistical emergencies" occur immedi
ately prior to meeting abstract submission deadlines. This is
a dreadful time to discover that the study design is hope
lessly flawed, the data are not amenable to formal statistical
analyses or a data file is seriously corrupted.

The researcher should plan a presentation of the project
for the statistician. It is often helpful to provide written
materials to aid the statistician, especially if this is the first
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collaborative project. The presentation should include the
purpose of the project, the stage of planning (hopefully early
planning!), the proposed methods of the conduct of the
study, the proposed outcome measures (how and when these
will be collected), and the proposed timeline (e.g. before
you graduate from residency, fellowship or before a certain
abstract deadline date). It is important to confirm that both
parties are at ease working together and have sufficient
interest to complete tasks according to the proposed
time line.

PLAN AND REVISE THE PROJECT AIMS VERY
CAREFULLY
Following the first meeting, the project aims are likely to be
clarified. Most researchers underestimate the yield from
reconsidering and redefining project aims. An initial idea
may be simply stated as "determine which procedure is
better." An improved revision may be stated in the standard
null hypothesis format: "procedure A is the same as
procedure B."Most clinical researchers actually believe that
one procedure is better and that is why they are conducting
the trial. This belief is phrased as the alternative hypothesis
and the wording of this must be carefully considered. If the
researcher believes that procedure A is better than pro
cedure B, a one-sided alternative hypothesis is appropriate
(A is better than B). If the researcher decides that this is the
only clinically relevant situation, the statistician will be
unable to test that procedure B is better than procedure A.
Therefore, unless there are compelling circumstances for
use of one-sided testing, two-sided alternative hypotheses
are recommended by most statisticians.

Further revision of this hypothetic project may be stated
as "there is no difference in the stress continence rates as
measured by standardized cough stress test 3 months after
procedure A or 8." Compared to the first statement of the
research purpose, this revised version allows the statistician
to begin framing the analytic plan. Moreover, the research
task is further clarified in the researcher's mind.

Clear concise statement of the research project aims is an
important habit for researchers to develop. One technique
for enhancing skills in this area is to write the first half
of your paper prior to even meeting with the statistician.
This assures that a proper literature review has occurred and
will help the researcher answer the statistician's questions
about rates of clinical events necessary for trial planning
(e.g. how many people are incontinent following this pro
cedure?). In addition, the proposed methodology is written
out, forcing the researcher to carefully define the manner
and method of data collection. Another major benefit is
that the researcher has completed half of their final man
uscript already, facilitating the final dissemination of the
research work.

SELECTTHE OPTIMALSTUDY DESIGN
Once the researcher has determined the research aims, the
most appropriate study design should be selected. The
statistician and other research colleagues can be extremely
helpful participants in this process. If, for example, the
researcher wishes to determine "which procedure was
better," there are several study designs that could be used.
The final design may depend on pragmatic issues, such
as timing and funding. Another important pragmatic issue
is determining the individual(s) who will actually do the
research consent process, collect and analyze the data, and
prepare the final study findings.

Conceptually, there are two main forms of studies:
observational and experimental. Observational studies are
generally less expensive and quicker to perform but limited
by several forms of bias. Experimental studies tend to be
more expensive and require more time but bias may be
reduced if techniques such as randomization are used.

A common form of resident and fellow research is the
retrospective chart review. It should be obvious that no
form of retrospective chart review can be a randomized trial.
Chart reviews should be conducted carefully because this
type of research may provide important information for
planning a prospective clinical trial. There are significant
limitations to using data collected from chart reviews. These
limitations can be minimized by carefully writing the pro
tocol to ensure the highest data quality.

DEVELOPTHE STUDY PROTOCOL (EVEN FOR
RETROSPECTIVE CHART REVIEWS)
The study protocol is essentially a detailed explanation
of your materials and methods. When the intelligent
researcher puts their thoughts on paper giving clear guide
lines for study completion, it is easier for others (coinves
tigators, study nurses, other researchers) to understand
the research plan. This is not as difficult as many novice
researchers fear. It is essentially the "how to" manual for
the study.

Creating a study protocol is essential for ethical human
subjects research and obtaining high-quality data. Novice
researchers may find it helpful to follow the format of a
research colleague's study protocol, using the main topic
headings and subheadings to individualize items to your
specific project. Typical headings include background,
hypothesis, aims, study population including recruitment,
data-related issues (including the type of data that you plan
to collect), an analytic plan (what you will do with the data),
IRB and ethical issues (have you looked after patient privacy,
are all risks to subjects disclosed, including possible breach
of confidentiality?), and references. The protocol should
allow an intelligent colleague to do your study if you were
unable to complete it.
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While you are developing the study protocol, maintain
close communication with your statistician regarding data
collection, data entry, and the analytic plan. Common mis
takes made by novice researchers are virtually all prevent
able with a bit of advice from experienced colleagues. Data
integrity depends on following the study protocol and safe
guarding your data. This includes regular back-up of data
files in a HIPAA-compliant manner. An early decision is
whether you will enter data directly into the computer or
instead use a paper form. Although we all like to think we
enter data without errors, there is abundant research to

demonstrate that there is an inherent error rate for all data
entry procedures. Techniques such as double-data entry,
read-aloud and central data checking can minimize this
error rate. Novice researchers who are doing their own data
entry often enter too much data at one sitting, causing the
error rate to rise.

MAINTAIN ETHICAL RESEARCH PRACTICES
ATALLTIMES
When you seek IRB approval, even for a retrospective chart
review, you agree to an important role as a researcher. You
agree to comply with institutional, federal, and even inter
national regulations regarding human subjects research.
These issues are not to be taken lightly. Learn to think of
unconsented research like unconsented surgery. Most
surgical researchers would never consider doing surgery
without informed consent and research should occur in the
same stringent settings-always voluntary, always with
consent, and always with oversight.

CONDUCTTHE STUDY IN COMPLIANCE WITH
THE STUDY PROTOCOL
Once the appropriate plans and approvals are in place, the
study should be completed according to the study protocol.
Occasionally, the researcher must revise the protocol after
beginning the study, but this should occur very rarely. The
data collected must be entered and checked regularly. The
data entry file should be backed up regularly to a separate
server or disk drive. Paper forms should be duplicated and
kept separate from other data. Although this may seem
cumbersome, it is essentially the equivalent of keeping your
money in a few different places when you travel inter
nationally. If someone steals your wallet, you still have the
stash from your suitcase or passport case! If your data forms
get lost, you should have a duplicate in another place or have
the data at least partially entered.

There are several simple methods of data entry, including
Excel and SPSS. Learn to use one well. Once the data are
correctly entered, check the data file for correctness. For
example, you do not want to do an analysis of demographic

characteristics of adult women who had continence surgery
only to find that you have four study participants who are
under the age of 10. Clearly, this is a data entry error and it
must be corrected before you bring that file to your
statistician.

COMPLETE THEANALYSIS ACCORDING TO
THEA PRIORI ANALYTIC PLAN
Once you have completed your study and have entered and
cleaned your data, the fun really starts! It is time to test the
hypothesis that you described in your study protocol. Work
closely with your statistician so that you can learn at least a
little bit about statistics with each study you do.

Typically the decisions regarding formal statistical analy
sis follow a series of steps. The first question is whether the
data warrant statistical inference. When statistician testing is
not warranted, the analysis is called "descriptive"; that is, no
statistical inference is made. Many chart reviews should be
used only for descriptive statistics because of the severe
limitations and biases in these data sets.

Let's use an example. You have collected data on a new
procedure that your group has started doing in the last year
and findsvery impressive (procedure WOW). You would like
to review charts to see if the old procedure (procedure Pre
WOW) was really worse. After receiving IRB approval, you
abstract all charts from women who had either Pre-WOW
or WOW during the time-period specified in your study
protocol. Demographics and clinical measures are carefully
abstracted onto paper forms then double-data entered into
your HIPAA-approved database. The data file is carefully
cleaned and you are ready to do the analysis with your
statistician.

Typically the statistician will first simply "get to know"
the data file. What are the variables (data points), what is the
range of these (for example, age range), and how are the data
points distributed?

Frequency testing usually includes an assessment of the
measures of central tendency. The spread of the data can be
easily and quickly determined with these simple analyses.
The most familiar test of central tendency is the mean which
is simply the arithmetic average of a variable. Although this
is commonly reported, it is often more appropriate to report
the median which is simply the middle measurement. Let's
assume for a moment that the following data set represents
the number of incontinence episodes reported by seven
different patients at the beginning of your study: 2, 3, 5, 6, 8,
27, 58. The mean of this data set is 17 whereas the median
is 6. You can see that this data set contains two relatively
large numbers. What if the data set were revised to "throw
out" the subjects who had 27 and 58 baseline incontinence
episodes? Now the mean is 6 and the median is 5. You can
see from this simple example that the mean is very sensitive
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to "outliers" whereas the median is a more reliable report of
the central measure. You can try this again by using seven
subjects and changing two high numbers to numbers that are
closer to the others.

There are other reasons to use the median instead of
mean. One excellent example is when you are describing
a woman's parity. It is clinically impossible to have a portion
of a birth-a .2 parity. When you use the mean to describe
parity, you often report a result such as 2.2 children.
However, when you use the median, you report a clinically
appropriate whole number. Many researchers are using this
measure of central tendency for reporting incontinence
episodes because, like parity, these occur in whole numbers
and the median is less altered by extreme values.

Let's consider this concept further. Imaging your data set
of baseline incontinence episodes again, let's assume your
treatment improved only one patient-the one who had 58
incontinence episodes at baseline. She now has only 30
incontinence episodes (still by anyone's clinical judgment
quite incontinent). You have the option of reporting the
mean improvement of four incontinence episodes (data set
of improvement = 0,0,0,0,0,0,28) or the median improve
ment of zero. Clearly the median is the most honest
assessment of this data set. Small decisions like these are
important to reporting the study findings in a scientifically
rigorous fashion.

Researchers often include a measure of the spread of the
data set. These measures include the range (from smallest to
largest value) and the interquartile range (25th quartile to
75th quartile). These can be efficiently displayed using a box
plot (Fig. 30.1). Be sure to indicate what is being displayed in
the legend accompanying the box plot.

Other plots are also helpful during the initial phase of
data exploration; the distribution of data points is typically
explored with a scatter plot (Fig. 30.2). Scatter plots and
histograms are helpful to determine preliminary relation
ships, prior to determining whether the data set is appro
priate for formal statistical inference testing.

Following data exploration, it may be appropriate to
perform a test of statistical inference.Just like a clinical diag
nosis,one can never definitely prove something. As clinicians,
we can only determine the probability of that diagnosis.
Doctors typically think (even subconsciously) about the
chance that this set of observations or findings could occur
with or without that diagnosis. Similarly, the statistician is
testing the data set to determine the chance of that diagnosis
(the test statistic) given this set of observations and findings.
The statistician and researcher predetermine the threshold
for this at the start of the study. In clinical medicine, the
threshold is typically set at 5% (more commonly seen as
P<.05). This means that there is a 5% chance (1 in 20) that
the test statistic could occur even if the hypothesis is truly
incorrect. (That is, we say it is significant, we now believe
and accept those clinical data, but there is always a chance
that we are still wrong.) Most clinical researchers do not
appreciate the simple fact that even the most optimally
conducted research with highly statistically significant
results could still cause incorrect conclusions.

Let's go back to the concept of a test statistic. This is "stat
speak." Every statistical test (t-test, chi-square, McNemar) is
a mathematical equation that results in a test statistic (a
number). These test statistics have difference letters-a t
statistic, a z statistic, etc. After generating the test statistic,
the statistician determines the probability of finding that
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Figure 30.1 Several scatter plots (from artificial datasets) are demonstrated. (A)This scatter plot demonstrates no relationship
whatsoever between the two variables that are explored together (age and continence severity). (B)This scatter plot demonstrates that
as the number of prior continence surgeries increases. the continence severity worsens in incontinent women.
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an infinite number of decimal points. Age and weight are
common examples of continuous data. Ordinal data are
"ordered"-that is, there is a logical sequence. The stages of
pelvic organ prolapse are ordinal: I is the lowest, followed by
II, III, and finally IV. Why are these not continuous? There is
clearly no stage of 2.2 or 3.7. Another important rype of data
are nominal. This is particularly important when performing
the retrospective chart review. The name of the prior sur
gery (hysterectomy) or the name of the surgeon (perhaps
you!) is nominal-"named." Most researchers convert nomi
nal data to numeric data during data entry. But it is impor
tant not to use this type of data as continuous or ordinal. For
example, imagine that you have coded race as O=African
American, I=Hispanic, 2=Caucasian, 3=Asian, 4=Mixed,
5=Other. Now the data set for your seven patients looks like
this {J, 4,2,0,0, I, 2}. It clearly does not make any sense to

report a "mean race." Likewise, these data points are not
continuous; there is no such thing as a race value of 1.7.
Neither are these data ordinal as there is no logical sequence
for the order. So, although you have converted these nominal
data to numeric data, be careful to always treat them as
nominal data.

Researchers often wish to compare two (or more) groups.
The means (or, better yet, the median) of two groups are
often compared. For example, the mean blood loss between
two surgical groups could be compared. There are certain
criteria that the data set must meet prior to making these
comparisons. The list of all statistical assumptions is beyond
the scope of this small chapter but there are several impor
tant concepts that all clinical researchers must understand.

The concept of independence is critical. Many biomedical
research articles have published analyses with obvious
violations of this assumption. Fortunately, pelvic floor
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Figure 30.2 A variety of box plots demonstrating different issues in central tendency measures and data spread. (Al Side-by-side box
plots demonstrating identical medians and means but different ranges. (8) Side-by-side box plots demonstrating identical ranges but
different medians.

particular test statistic if the null hypothesis is true. If the
probability of finding that exact test statistic for your data set
is very unlikely, the statistician will recommend that you
"reject" the null hypothesis. Unfortunately, that does not
"prove" your alternative hypothesis.

Think about this in clinical medicine. You may get an
imaging study and see a finding that really makes you think
about a certain diagnosis. You therefore "reject" the null
(there is no problem here-the patient is normal) and you
begin to favor the alternative hypothesis ("there is an abnor
mality here-or even a particular diagnosis"). But you
cannot prove that diagnosis (of course, you bright people are
thinking of exceptions but try to stay with the analogy).

It is important to test the hypothesis that you stated at
the beginning of your study prior to beginning other data
analyses (also known as data dredging). Although there is a
role for further analyses, there are also mathematical risks
to this, including a problem statisticians call "multiple
comparisons." Simply stated, this means that by doing so
many tests, eventually one is bound to be positive. This also
has a corollary in clinical medicine. Occasionally, you may
see someone who is really a "worried-well" patient who
requests excessive testing. The clinician's reluctance to per
form so much testing is similar to the statistician's reluctance
to perform so much testing; however, the statisticians have
an advantage because they can mathematically adjust for
multiple testing-clinicians are just left with a positive test
in an otherwise healthy patient!

The statistician will generally recommend (and perform)
a certain type of statistical test depending on the data set.
The distinct types of data are important for the researcher to
understand. Continuous data are something that can be
measured continuously-imagine that you could measure to



CHAPTER 30 • STATISTICAL CONCEPTS FOR PELVIC FLOOR CLINICIANS

M-zo-f-<
U
~
V)

382

researchers have not significantly contributed to this prob
lem. Imagine, however, a clinical researcher who works with
eyes. He wishes to compare pretreatment with posttreat
ment eyesight. Both eyes are treated in seven patients. The
research reports on 14 eyes (two from each subject). But
subject 1's left eye is related to subject 1's right eye! Likewise
for each subject in the study so these 14 observations are not
independent. Instead, the researcher must use only left eye
observations, only right eye observations, a randomly chosen
eye, or a test that allows "paired" data. Another common
example of paired data is when the patient is used as their
own control-multiple observations

The concept of normality is also important. This is not
the same as normal from a clinical standpoint, although
there are some similarities. In statistical normality, two
broad groups of tests are often used. The tests that require
the normal (or near-normal) distribution of data include
familiar tests such as the t-test, Another group of tests,
"nonparametric," should be used when the data are not nor
mally (or near-normally) distributed. Almost always, nonpara
metric tests are more appropriate for pelvicfloor researchers. The
inappropriate use of a statistical test that requires normally
distributed data is just as incorrect as performing the wrong
surgery (for example, putting in a sling for urge incontinence!).

DISSEMINATETHE RESULTS IN A
SCIENTIFICALLY APPROPRIATE MANNER
Hopefully your manuscript was started (Introduction,
Materials and Methods) prior to your data analysis. Now
that you have completed your data analysis, you are ready to
disseminate the results of your study. It is important to

provide sufficient statistical details so that the audience
can determine whether 1) the data set was appropriate for
the statistical procedures that were performed and 2) the
conclusions are supported based on the analysis. The
statistical methods should always state which statistical tests
were used for which variables. Oust as you wouldn't think of
publishing a study that talked about surgery without saying
which procedure!)

PLAN THE FOLLOW-UP STUDY
At the conclusion of the study, you have much more infor
mation than when you started. Now is the time to consider
further studies. Is it important to plan a randomized clinical
trial? Youshould be able to estimate effect sizes much better
after your first study. Do you have an idea of how often
complications or side effects occur? Do you know how often
patients are followed up or drop out? What did you learn
from performing this study? What would you do differently
next time?

CONCLUSION
Statistics is an important topic for clinical researchers. Some
individuals choose to remain completely reliant on their
statistician. We know from clinical care, however, that the
best communication is when each individual understands
the main concepts but doesn't try to replace the other.
Statistical collaboration is similar. Rather than trying to

become a statistician yourself, it is preferable to start by
learning how to communicate effectively, improve your skills,
and be able to participate in the conversation.
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A
Abdominal leak point pressure 102
Abdominal mesh sacrocolpopexy 212-13
ACE inhibitors 67
Acupuncture 327
Affective disorders 69
Alcohol 67
Alcoholism 69
Alfuzosin 58,125
Allodynia 319
Allograft slings 152
Alpha-adrenoceptor agonists 13~

Alpha-adrenoceptor blockers 67, 131
Alzheimer's disease 79
Ambulatory urodynamics 102
Amitriptyline 314
Amoxicillin 302
Amoxicillin-clavulanic acid 302
Ampicillin 300
Anal canal 27-8
Anal incontinence 29-30,75-82

anal sphincter or pelvic floor damage 76-8
anorectal pathology 78
conservative treatment 159-66

anal plug 164
bowel habit and retraining 160-2
complex packages of intervention 164
dietary management 159-60
drug management 16~

electrical stimulation 163
exercises and biofeedback 162-3
irrigation 164
lifestyle interventions 159
patient teaching and education 159

constipation 79
definition 76
diagnostic evaluation 105-14

active case finding 105
anal ultrasound 110-11
anorectal physiology testing 108-10
history 105
magnetic resonance imaging 111-12
physical examination 105-8
proctography 112-13

gut motility/stool consistency 78
idiopathic 80
lifestyle and environmental factors 79-80
neurologic disease 78-9
overlap with urinary symptoms 76

prevention 164-5
secondary to degenerative neurologic

disease 79
surgery 167-77

anal sphincteroplasty 167-8
muscle transposition procedures 170-5
postanal repair 168-70

see also Fecal incontinence
Anal pain 320
Anal plug 164
Anal reflex 119
Anal sphincteroplasty 167-8
Anal sphincters 26, 27

artificial 173
damage 76-8

congenital anomaly 78
direct trauma/injury 78
iatrogenic 77
idiopathic degeneration 78
obstetric 76

external 26
internal 26

Anal ultrasound 110-11
Anismus 29
Anorectal atresia 289-90
Anorectal examination 105-8
Anorectal function 25-32

anal canal 27-8
anal sphincters 26, 27
colonic motility 25
defecation 29

neurology 28-9
fecal and anal incontinence 29-30

pelvic floor muscles 26-7
rectum 25-6
stool 27

Anorgasmia 35
Anterior colporrhaphy 151,204-6
Anterior compartment repair 197-207

abdominal and laparoscopic repair 201-4
high-grade cystocele 204-7
low-grade cystocele 198-201
vaginal repair 197-8

Anterior fascial compartment syndrome
264

Anticholinergics 67
Antidepressants 131,313
Antihistamines 313
Antiinflammatory drugs 327-8

Antimuscarinic (anticholinergic) drugs
125-31

"mixed" 129-31
pharmacology 126
"pure" 127-9
rationale for use 125-6
see also individual drugs

Antiproliferative factor 309
Antipsychotics 67
Anxiety disorders 69
Arcus tendineus fascia pelvis 4, 6
L-Arginine 314
Arteriovascular disease 69
Artificial anal sphincter 173
Artificial urinary sphincters 151
Asymptomatic bacteriuria in elderly

women 303
Atretic vaginourethral fistulae 290-1
Atropine 58, 125, 127
Augmentation cystoplasty 59-60,154,

349-50,351
Autoaugmentation 60
Autonomic hyperreflexia 339
Aztreonam 300
Azygous artery 33

B
Baclofen 58, 125, 132
Balloon expulsion test 109-10
Barostat compliance testing 110
Barrington's nucleus 19, 52, 336
BCG 315
Behavioral therapy

bladder overactivity 57
interstitial cystitis 312

Beta-adrenoceptor agonists 131
Beta-adrenoceptor blockers 1~
Bilateral gluteus maximus transpositions

172
Biofeedback

anal incontinence 162-3
urinary incontinence 142-3

Biopsy 325
Bladder

anatomy 15
biopsy 325
distension 327
endoscopic transection 154
exstrophy 182
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Bladder (cont~

innervation 9, 52
intraoperativeinjury 266-8
neurogenic 335-41
neurogenic inflammation 309
permeability 308-9, 311
reflex control of compliance 21
ultrasound/scan 98
see also Micturition

Bladder overactivity 51~3

nonsurgical treatment 5~2, 346-8
behavioral therapy 57
intravesically delivered agents 57, 348-9
oral medications 57, 346-8

pathophysiology 5~

surgery 57~2, 153-5
endoscopic procedures 154
open surgical procedures 154-5

Bladder pain 320
Bladder training 146-7,312
Bleeding, intraoperative 264-6
Botox see Botulinum toxin
Botulinum toxin 58,61-2, 125, 133,315,

329
Bowel

intraoperative injury 272-3
retraining 16G-2

Brain tumor 337
Bristol Female-lUTS Questionnaire 94
Broad ligament 6
Bulbocavernosus reflex 119
Bulbospongiosus 5
Bulking agents for SUI 48
Burch colposuspension 48, 201-2

C
Calcium channel blockers 58,67, 131
Capsaicin 58, 125, 132-3,329
Cardinal ligament 6
Catheters

clean intermittent self-eatheterisation 153
and urinary tract infections 303

Cauda equina syndrome 340
Cecolovaginoplasty 285, 287
Ceftriaxone 300
Cephalexin 302
Cerebral palsy 337
Cerebrovascular accident 337
Cerebrovascular disease 68
Cervical smear 324
Childbirth 182
Chloramphenicol 302
Chondroitin sulfate proteoglycan 308
Chronic obstructive pulmonary disease

84
Chronic pain syndromes 309, 320-3
Chronic pelvic pain 319-32

causes 323
chronic pain syndromes 32G-3
diagnosis 321-2, 324
generic treatments 326-7
initial investigations 324-5

biopsies 325
endoscopy 324-5

imaging 324
urine cultures 324
urodynamics 325
vaginal tests 324

pain models 319
specific treatments 327-30

antibiotics 327
antiinflammatory therapy 327-8
bladder distension 327
endometriosis 328-9
intravesical treatments 328
nonsurgical therapies 328
pelvic cancer 329
perianal pain syndrome 329
pudendal nerve entrapment 329
surgery 329-30
transcutaneous electrical nerve

stimulation 327
urethral dilation 328

terminology 319-20
treatment strategies 32~

Ciprofloxacin 300
Clean intermittent self-catheterisation 153
Clenbuterol 58,134
Clinical research projects 357~2

consulting a statistician 357-8
development of study protocol 358-9
ethical practice 359
follow-up study 362
optimal study design 358
planning and revision of project aims 358
presentation of results 362
statistical analysis 359-62
study conduct 359

Clitoris 5
Cloaca 78
Cloacal folds 280
Coccygeus 4
Codeine phosphate 163
Cognitive impairment 66
Colinesterase inhibitors 67
Colonic motility 25
Colorectal surgery, and anal sphincter

damage 77
Colpocleisis 212
Colposuspension 151
Cones 143-4
Congenital anomalies 279-94

anal sphincters 78
embryology 279-80
urethra 290-4

atretic vaginourethral fistulae 29G-1
intrinsic sphincteric hypoplasia 291
paraurethral"cysts" 290
"short" urethra 290
subsphincteric ectopic ureteric discharge

290
urethral fusion defects 291-4
vaginorectal fistulae 294

vagina 28G-90
maldevelopment of lower vaginal

segment 280-8
rectovaginal fistulae and anorectal atresia

289-90

Congestive heart failure 69
Constipation 79
Cooper's ligament 265
Coordination training 162-3
Corticotrophin-releasing factor 19
Cyclo-oxygenase (COX) inhibitors 132
Cyst

Gartner's duct 33, 251
paraurethral 290

Cystocele
high-grade 204-7

anterior colporrhaphy 151, 204-6
nonsynthetic graft interposition 206-7

low-grade 198-201
Cystodistension 154
Cystometry 99-101
Cystoplasty 57
Cystourethrography 99

D
Darifenacin 58,125,128-9
Defecation 29

delayed 29
neurology of 28

Delancey,John 47
Delirium 68
Dementia 68, 79
Denonvillier's fascia 7
Desmopressin 58, 125,132
Detrusor contractility, impaired 70
Detrusor hyperreflexia 54
Detrusor instability 54
Detrusor overactivity see Bladder

overactivity
Detrusor-sphincter dyssynergia 335, 336
Detrusor-sphincter reflex 21
Diabetes mellitus 68

neurogenic bladder 339
Diarrhea 78
Dicyclomine 58,125
Dietary management

anal incontinence 159-60
interstitial cystitis 312

Digital examination 107
Dimethyl sulfoxide 314, 328
Disk disease 340
Displacement cystocele/rectocele 87-8
Distension cystocele/rectocele 87
Dorsal lithotomy, complications 264
Doxazosin 58,125
Dribbling incontinence 94
Drug treatment 125-39

antidepressants 131-2
antimuscarinic (anticholinergic) drugs

125-31
baclofen 132
botulinum toxin 133
capsaicin and resiniferatoxin 132-3
cyclo-oxygenase (COX) inhibitors 132
drugs acting on membrane channels 131
estrogens

stress incontinence 135
urgency incontinence 13~

stress incontinence 133-5



vasopressin analogs 132
see also individual conditions and drugs

Duloxetine 134-5
Dynamic graciloplasty 172-3
Dysfunctional voiding 69
Dyspareunia 35,254-5

E
Ehlers-Danlos syndrome 88,182
Elderly women

asymptomatic bacteriuria 303
medications affecting continence in 67

Electrical stimulation
anal incontinence 163
urinary incontinence 144, 146

Electromyography 110
Electrosensitivity testing 110
Embryology 279-80
Emphysematous pyelonephritis 301
Endometriosis 328-9
Endopelvic fascia 7
Endoscopic bladder transection 154
Endoscopy 108,324-5
Enhorning, GE 46
Enoxacin 300
Enterocele 120,214-15
Environmental factors 79-80
Ephedrine 134
Epithelial tag 280
Erythromycin 302
Estrogens 125, 134

stress incontinence 135
urgency incontinence 135-6

Ethical issues in research 359
External urethral sphincter anatomy 15-16

F
Familial adenomatous polyposis 77
Fascial sheath 5
Fecal incontinence 29-30

causes 75
definition 76
prevalence of 30
see also Anal incontinence

Feces 27
Femoral nerve injury 264
Filling phase 5~

Fistula
atretic vaginourethral 290-1
radiation-induced 230
vaginorectal 294
vesicovaginal see Vesicovaginal fistula

Flavoxate 58, 125, 130-1
Flow rate 97-8
Fluoroquinolone 300, 302
Flurbiprofen 58, 125
Four-corner (Raz) suspension 198-201
Fowler's syndrome 72
Frequency 55
Functional incontinence 65-9

definition 65
epidemiology 65
treatable and potentially reversible

conditions

cognitive impairment 66
impaired mobility and functional status

66
medical conditions 67-9
medications 67
urinary tract infection 66-7

G
Gabapentin 67, 314
Gartner's duct cyst 33,251
Gastrocolic response 25
Gastrointestinal disease 69
Genital tubercle 280
Genitourinary examination 344
Genuine stress incontinence 54

see also Stress incontinence
Glomerulations 310
Graciloplasty

dynamic 172-3
passive 170-2

Guarding reflex 21
Gynaecological surgery, anal sphincter

damage 77

H
Hammock theory of SUI 47,48
Hemorrhoids 28
Heparin 315,328
Herpes zoster 68
High-amplitude propagated contractions

25
High tone pelvic floor muscle dysfunction

312-13
HIV 68
Human immunodeficiency virus see HIV
Hunner's ulcers 311
Hyaluronic acid 328
Hydrocephalus, normal pressure 68
Hydrosonography 324
Hydroxyzine 314
Hyoscyamine 58,125,314
Hyperalgesia 319
Hypercalcaemia 68
Hypogastric nerve 8
Hysteroscopy 325

Idiopathic detrusor overactivity 54-5
lIiococcygeus 4
Imipenem-cilastatin 300
Imipramine 58, 125, 134
Impaired mobility 66
Incontinence surgery, effect on sexual

function 36
Indomethacin 58, 125
Inferior hypogastric plexus 7-8, 9
Injectable agents 152-3
Integral theory of SUI 47, 48
International Consultation on Incontinence

94
Questionnaire-Short Form (ICIQ-SF) 94

Interstitial cystitis 307-17
demographics 308
diagnostic work-up 310-12

INDEX I
bladder permeability testing 311
diagnostic markers 311-12
urodynamic testing 311

epidemiology 307-8
pathophysiology 308-10

antiproliferative factor 309
autoimmune/genetic 309
central sensitization/chronic pain 309
clinical presentation 309-10
increased bladder permeability 308-9
mast cells 309
neurogenic inflammation 309

treatment 312-16
behavioral 312
diet 312
pharmacologic therapy 313-15
surgical 315-16

Interstitial Cystitis Symptom/Problem
Indices 310

Intraoperative injury 263-75
bladder injury 266-8
bowel injury 272-3
intraoperative bleeding 264-6
preoperative preparation 263-4
ureteric injury 268-72
urethral injury 272

Intravesical agents 315
Intrinsic sphincteric deficiency 46-7
Intrinsic sphincteric hypoplasia 291
Irritable bowel syndrome 25
Ischiorectal fossa 5

K
Kegel exercises 4
Kelly, Howard 46

L
Laparoscopic colposuspension 151-2,202
Laparoscopic sacrocolpopexy 214
Laparoscopic uterine nerve ablation 330
Laparoscopy 325
Leak point pressure 101,102
Levator ani 4, 85-6

damage to 86-7
direct injury 86-7
neurologic injury 87

Levator myorrhaphy 210-12
Levofloxacin 300
Lifestyle factors 79-80

anal incontinence 159
see also Dietary management

Loop diuretics 67
Loperamide 163
Lower urinary tract

innervation 16-20, 52
afferent 52
efferent 52
neurotransmission 52

M
McCall (Mayo) culdoplasty 207
McGuire, Edward 46
Magnetic resonance imaging 3,9--11

anal 111-12 365
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Manometry 108
Marfan's syndrome 88, 182
Marshall-Marchetti-Krantz vesicourethral

suspension 48
Martius graft 230-1
Mast cells 309
Menopause

sexual function in 35
vagina in 34

Menstrual cycle, pain related to 325
MESA Questionnaire 95
Methoxamine 134
Microlaparoscopy 330
Micturition 52-4

filling phase 53-4
physiologyof 15-22
voiding phase 52-3
see also Bladder

Midodrine 134
Midurethral slings 49
Motor urge incontinence 54
Motor urgency 54, 56
M region see Barrington's nucleus
Multiple sclerosis 68, 78, 338
Multiple systems atrophy 343
Multisystem atrophy 68
Muscarinic receptors 53
Muscle transposition procedures

170-5
artificial anal sphincter 173
bilateralgluteus maximus transpositions

172
diversion 173
dynamic graciloplasty 172-3
passivegraciloplasty 170-2
sacral neuromodulation 173-5

Musculoskeletal disease 69
Myelodysplasia 339-40

N
Narcotic analgesics 67,314
Needle suspension 48-9,151
Nerve block 327
Neural stimulation 350
Neurogenic bladder 343-53

neural stimulation 350
neurologic history 343
nonsurgical therapy 346-9

intravesicallydelivered agents 348-9
oral medications for detrusor overactivity

346-8
pathophysiology 335-41

brain tumor 337
cerebral palsy 337
cerebrovascular accident 337
diabetes mellitus 339
disk disease 340
multiple sclerosis 338
myelodysplasia 339-40
Parkinson's disease 337-8
radical pelvic surgery 340
Shy-Drager syndrome 337
spinal cord injury 338--9

physicalexamination 343-4

surgical therapy
augmentation cystoplasty and urinary

diversion 349-50.351
suprapubic catheters 349
treatment of sphincter dyssynergia 350
treatment of sphincteric insufficiency

349
urodynamics and neurophysiologic testing

344-6
Neurogenic detrusor overactivity 54
Neurogenic incontinence 79
Neurogenic inflammation 309
Neuromodulation 154-5
Neurophysiology 20-2
Neurosyphilis 68
Nitrofurantoin 300, 302
Nocturia 55
Nonsurgical management 3-10

bladder overactivity 56-62, 346-8
chronic pelvic pain 328
neurogenic bladder 346-9
pelvic floor anatomy, function and

dysfunction 181-2
pelvic organ prolapse 182-7
see also Pelvic floor muscle training

Norephedrine 134
Norfloxacin 300
Nortriptyline 314
NSAIDs 67

o
Obstetric damage 76
Obstructive detrusor overactivity 54
Obturator foramen 4
Obturator muscles 4
Obturator nerve injury 264
Onuf's nucleus 19, 21, 52
Open bladder neck 48
Orgasm 35
Overactive bladder syndrome 55

see also Bladder overactivity
Overflow incontinence 69-73

definitions 69-70
pathophysiology of urinary retention 70
urodynamic diagnosis 70-1
voiding dysfunction syndromes 71-2

Oxybutynin 58,125,129-30,314

p
Pad testing 96-7
Painful bladder syndrome 320, 322, 326
Paramesonephric (mullerian) ducts 279
Paraurethral "cysts" 290
Parkinson's disease 68,337-8
Passive graciloplasty 170-2
Patient education in anal incontinence

159
Pelvic anatomy 3-12
Pelvic cancer 329
Pelvic fascia 5-7
Pelvic floor 3-4

anatomy 181-2
damage 76-8
dysfunction 181-2,323

function 181-2
muscles of 26-7. 310

Pelvic Floor Distress Inventory 117-18
Pelvic Floor Impact Questionnaire 118
Pelvic floor muscle training 141-50, 184-7

future research 148
physical therapy interventions for urinary

incontinence 141-2
stress urinary incontinence 142-5

combined improvement and cure rates
142

cones 143-4
electrical stimulation 144
most effective program 142
training with biofeedback 142-3

urge incontinence 145-8
adverse effects of physical therapy 147
bladder training 146-7
electrical stimulation 146
long-term effects of physical therapy

147-8
motivation 148
pelvic floor muscle training 145-6

Pelvic innervation 7-9
Pelvic ligaments 5-7
Pelvic musculature 4-5
Pelvic organ prolapse 83-90, 182-3

bony support anatomy 85
conservative treatment 183-7
development of 85-8
diagnosis 115-21

ancillary studies 120-1
clinical history 117-18
future research 121
physicalexamination 118--20
POP-Q system 115-17

future research directions 88--9
risk factors 83-4
surgery 189-96

adjunctive materials for reconstruction
193

combining with continence procedures
193-4

decision for surgery 189-90
demographics 189
outcome 195
philosophy of surgical plan 190-1
reconstructive surgery 191-2
recurrent prolapse 192-3
risk of recurrence 192

vaginal support anatomy 84-5
Pelvic Organ Prolapse Quantification (POP

Q) system 115-17
staging 116-17

Pelvic Organ Support Study 83
Pelvic pain see Chronic pelvic pain
Pelvic Pain and Urgency/Frequency Scale

310
Pelvic vascular supply 7-9
Pentosan polysulfate 313, 314, 328
Perianal pain syndrome 329
Periaqueductal gray matter 53
Perineal descent 110
Perineal membrane 5



Perineal pain 320
Perineum 5
Peripheral venous insufficiency 69
Peroneal nerve injury 264
Piriformis 5
Pontine micturition center see Barrington's

nucleus
Postanal repair 168-70
Posterior colporrhaphy 215-16
Posterior compartment repair 214-17

abdominal repair 217
vaginal repair 214-17

Postsurgical voiding dysfunction surgery
153

Potassium channel openers 58, 131
Potassium sensitivity test 325
Prazosin 58, 125
Pregnancy, urinary tract infection in 301-2
Proctography 112-13
Proctoscopy 107
Propantheline 58, 125, 127
Propiverine 58, 125, 130
Psychosis 69
Pubocervical fascia 7
Pubococcygeus 4
Puborectalis 4
Pubourethralligaments 16
Pubovaginal slings 48-9
Pudendal nerve 28,33

entrapment 329
terminal motor latency 110. 168

Pulmonary disease 69
Pyleonephritis 301

Q
Q-tip test 95

R
Radiation

analsphincter damage 77
fistulae 230

Radical pelvic surgery 340
Raised abdominal pressure 182
Reconstructive surgery 191-2
Rectal dyschezia 26
Rectal irrigation 164
Rectal prolapse 107
Rectal sensation to distension 108-9
Rectal sensitivity training 162
Rectoanal dyssynergia 29
Rectoanal inhibitory reflex 109
Rectocele 26, 120,215
Rectovaginal fistula 289-90

see also Vesicovaginal fistula
Rectum 25-6
Reflex incontinence 54
Renalabscess 300
Resiniferatoxin 58, 125, 132-3,329
Retropubic suspension 48
Round ligament 6

S
Sacral neuromodulation 60-2, 173-5
Sacral parasympathetic nucleus 17

Sacrospinous ligament fixation 7, 208-9
St Mark's Hospital fecal incontinence score

106
Salbutamol 58,125
Saline retention test 110
Saphenous nerve injury 264
Sciatic nerve injury 264
Sedatives/hypnotics 67
Sensory urgency 54, 55
Sexual dysfunction 35-6
Sexual function

after childbirth 35
after menopause 35
assessment of 35-7, 38-40
effects of pelvic floor disorder treatments

36-7
normal 35
post-incontinence surgery 36
questionnaires 37
role of vagina 34-5

Shy-Drager syndrome 337
Sims, James Marion 225
Sinovaginal bulbs 279
Sinusal tubercle 279
Sjogren's syndrome 309
Slings 152

allographs 152
xenograft 152

Smoking 84
Solifenacin 58, 125, 129
Sphincter dyssynergia 350
Sphincteric insufficiency 349
Spinal cord injury 68, 338-9
Spinal pathways 17-19

parasympathetics 17-18
sympathetics 18-19

brain pathways 19-20
somatics 19

Spinal stenosis 68
Statistical analysis 359-62

box plots 361
independence 361
multiple comparisons 361
normality 362
scatter plots 360
see also Clinical researchprojects

Statisticians 357-8
Stools 27

consistence 78
Storage reflexes 21-2

central coordination 21
detrusor-sphincter reflex 21
guarding reflex 21
reflex control of bladder compliance 21
reflex inhibition of efferent pathways 21

Strength training 162
Stress hyperreflexia 17,20
Stress leakage 94
Stress urinary incontinence 6,45-50

genuine 54
nonsurgical treatment 48-9. 133-5

bulking agents 48
estrogens 135

pathophysiologic theories 45-7

INDEX I
hammock theory 47, 48
integral theory 47, 48
intrinsic sphincteric deficiency 46-7
open bladder neck 48
urethral position theory 47
urethrovesical axis changes 46

pelvic floor muscle training 142-5
combined improvement and cure rates

142
cones 143-4
electrical stimulation 144
most effective program 142
training with biofeedback 142-3

physiology 45
role of other factors 49
surgery 151-3

allograft sling 152
anterior colporrhaphy 151
artificial urinary sphincters 153
colposuspension 151
injectable agents 152-3
laparoscopic colposuspension 151-2
midurethral sling 49
needle suspension 48-9. 151
pubovaginalsling 48-9
retropubic suspension 48
tension-free vaginal tape 152
xenograft sling 152

trampoline theory 49-50
Stroke 68
SUI see Stress urinary incontinence
Sulfisoxazole 302
Suprapubic catheter 349
Surgery 151-6

anal incontinence 167-77
anal sphincteroplasty 167-8
muscle transposition procedures 170-5
postanal repair 168-70

anterior compartment repair 197-207
abdominal and laparoscopic repair

201-4
high-grade cystocele 204-7
low-grade cystocele 198-201
vaginal repair 197-8

detrusor overactivity 153-5
endoscopic procedures 154
open surgical procedures 154-5

pelvic organ prolapse 189-96
adjunctive materials for reconstruction

193
combining with continence procedures

193-4
decision for surgery 189-90
demographics 189
outcome 195
philosophy of surgical plan 190-1
reconstructive surgery 191-2
recurrent prolapse 192-3
risk of recurrence 192

posterior compartment repair 214-17
abdominal repair 217
vaginal repair 214-17

postsurgical voiding dysfunction surgery
153 367



388

IINDEX

Surgery (cont~

stress urinary incontinence 151-3
allograft sling 152
anterior colporrhaphy 151
artificial urinary sphincters 153
colposuspension 151
injectable agents 152-3
laparoscopic colposuspension 151-2
needle suspension 48-9. 151
pubovaginal sling 48-9
tension-free vaginal tape 152
xenograft sling 152

urogynecologist's approach 189-96
urologist's approach 197-221
vaginal vault prolapse repair 207-14

abdominal repair 212-14
vaginal repair 207-12

vesicovaginal fistula
full-thickness labial flap 232
gluteal skin flap 232
Martius graft 230-1
myocutaneous gracilis flap 232-3
omental interposition 231-2
peritoneal flap 231
radiation fistulae 230
transabdominal approach 229-30
transvaginal operative technique 227-9

T
Tamsulosin 58, 125
TENS seeTranscutaneous electrical nerve

stimulation
Tension-free vaginal tape 49, 152
Terazosin 58, 125
Terbutaline 58,125
Tetracyclines 302
Thiazolidinediones 67
Three-sponge test 236, 237
Ticarcillin-clavulanate 300
Tizanidine 314
Toilet training 29
Tolterodine 58,125,128,314
Trampoline theory of SUI 49-50
Transcutaneous electrical nerve stimulation

327
Transobturator tape 4
Transvaginal scanning 324
Transvesical phenol injection 154
Trimethoprim 300
Trimethoprim-sulfamethoxazole 300,301,

302
Trospium 58,125.127-8
Tuberculosis 68

U
Ulcerative colitis 77
Ultrasound

anal 110-11
bladder 98

Ureter, intraoperative injury 268-72
Urethra

anatomy 15
congenital anomalies 290-4

atretic vaginourethral fistulae 290-1

intrinsic sphincteric hypoplasia 291
paraurethral" cysts" 290
"short" urethra 290
subsphincteric ectopic ureteric discharge

290
urethral fusion defects 291-4
vaginorectal fistulae 294

intraoperative injury 272
Urethral dilation 153,328
Urethral diverticula 251-7, 292-4

diagnostic techniques 253
differential diagnosis 251
preoperative classification 253
presenting features 251
surgical options 254
urodynamic findings 253
vaginal scarring or narrowing 254-5

Urethral fusion defects 291-4
Urethral groove 280
Urethral pain 320
Urethral pain syndrome 322-3
Urethral position theory of SUI 47
Urethral pressure measurement 102-3
Urethral sphincter deficiency 257-98
Urethral support system 16
Urethral syndrome 319
Urethrolysis 153
Urethrovaginal fistula 257-9
Urethrovesical axis 46
Urge incontinence 55

pelvic floor muscle training 145-8
adverse effects of physical therapy 147
bladder training 146-7
electrical stimulation 146
long-term effects of physical therapy

147-8
motivation 148
pelvic floor muscle training 145-6

Urgency 55
Urgency incontinence 94

estrogens 135-6
Urinalysis 324
Urinary diversion 154,349-50,351
Urinary incontinence

diagnostic evaluation 93-104
assessment 94-5
bladder ultrasound/scan 98
complex urodynamic investigation 102
cystometry 99-101
flow rate 97-8
history 93-4
pad testing 96-7
physical examination 95
troubleshooting pressure flow

urodynamics 101
urethral pressure measurement 102-3
urodynamic assessment 98-9
volume voided charts 96

functional 65-9
definition 65
epidemiology 65
treatable and potentially reversible

conditions 65-9
motor urge 54

neurogenic 79
overflow 69-73

definitions 69-70
pathophysiology of urinary retention 70
urodynamic diagnosis 70-1
voiding dysfunction syndromes 71-2

reflex 54
see also Stress urinary incontinence

Urinary retention 69-72
acute 69,71
chronic 69
definitions 69-70
idiopathic 72
pathophysiology 70
pelvic organ prolapse 72
postoperative 71-2
postpartum 72
spurious 72
urodynamic diagnosis 70-1
voiding dysfunction syndromes 71-2

Urinary sphincter, artificial 151
Urinary tract infections 66-7, 297-305

asymptomatic bacteriuria in elderly women

303
catheter-associated 303
clinical spectrum 299-300
clinical terminology 297-8
diagnosis 298-9
pathogenesis 297
in pregnancy 301-3
prophylaxis 303
research strategies 303-4
treatment 300-1

Urodynamic testing 98-9
ambulatory 102
chronic pelvic pain 325
interstitial cystitis 311
neurogenic bladder 344--6
troubleshooting 101

Urogenital Distress Inventory Short Form
(UDI-6) 94

Urogenital folds 280
Uterine nerve transection 330
Uterine pain 320
Uterosacral ligament 6

fixation 209-10
Uterovaginal canal 279

V
Vagina

anatomical features 33-4
congenital anomalies 280-90

maldevelopment of lower vaginal
segment 280-8

rectovaginal fistulae and anorectal atresia
289-90

innervation 9
normal function 34
physiology 33-41
role in sexual function 34-5

Vaginal agenesis 280
Vaginal pain 320
Vaginal scarring 254-5
Vaginal substitution 281-4



Vaginal support 84-5
Vaginal swab 324
Vaginal vault prolapse repair 207-14

abdominal repair 212-14
abdominal mesh sacrocolpopexy

212-13
laparoscopic sacrocolpopexy 214

vaginal repair 207-12
colpocleisis 212
levator myorrhaphy 210-12
McCall (Mayo) culdoplasty 207
sacrospinous ligament fixation 208--9
uterosacral ligament fixation 209-10

Vaginal wall injury 87-8
site-specific defects 87-8
smooth muscle dysfunction 88

Vaginorectal fistula 294
Valsalva leak point pressure 47
Vasopressin analogs 132
Vesicovaginal fistula 225-34, 235-49

conservative management 226, 236-7

diagnosis 226. 235-6
etiology 225
intraoperative complications 233
outcomes 233
postoperative complications 233
postoperative management 233. 242, 247
preoperative considerations 226-7
prevention 225
surgery 247-8

choice of approach 238
full-thickness labial flap 232
gluteal skin flap 232
Martius graft 230-1, 239
myocutaneous gracilis flap 232-3, 239
omental interposition 231-2,239
peritoneal flap 231. 239
radiation fistulae 230
repair technique 238--9
suprapubic cross incision 243-5
timing of 237

INDEX I
transabdominal approach 229-30.

243-7
transvaginal operative technique 227-9.

239-42
symptoms and signs 225-6

Videocystometrogram 99-101
Visible Human Project 10
Vitamin 812 deficiency 68
Voiding 52-3
Voiding reflexes 20-1

central coordination 20-1
motor reflex limb 21
sensory reflex limb 20

Volume voided charts 96
Vulval pain 320
Vulval pain syndrome 323

X
Xenograft slings 152

389


	Cover
	List of Contributors
	Preface
	Foreword
	Section 1: Anatomy
	1. Pelvic Anatomy for the Surgeon

	Section 2: Physiology
	2. The Physiology of Micturition and Urine Storage
	3. Anatomy and Physiology of Anorectal Function
	4. Physiology of the Vagina

	Section 3: Pathophysiology of urinary and anal incontinence and pelvic prolapse
	5. Pathophysiology of Stress Urinary Incontinence in Women
	6. Anatomy, Physiology and Pathogenesis of Bladder Overactivity
	7. Functional and Overflow Incontinence
	8. Pathophysiology of Anal Incontinence
	9. Pathophysiology of Pelvic Organ Prolapse

	Section 4: Diagnostic evaluation
	10. Diagnostic Evaluation of Urinary Incontinence
	11. Diagnostic Evaluation of Anal Incontinence
	12. Diagnosis of Pelvic Organ Prolapse

	Section 5: Treatment of urinary incontinence
	13. Pharmacologic Treatment
	14. Pelvic Floor Muscle Training
	15. Surgery for Urinary Incontinence

	Section 6: Treatment of anal incontinence
	16. Conservative Treatment of Anal Incontinence
	17. Surgical Treatment of Anal Incontinence

	Section 7: Treatment of pelvic organ prolapse
	18. Nonsurgical Management
	19a. Surgical Management: The Urogynecologist's Approach
	19b. Surgical Management: The Urologist's Approach

	Section 8: Fistula
	20. Vesicovaginal Fistula: Vaginal Approach
	21. Vesicovaginal and Rectovaginal Fistula Repair
	22. Urethral Diverticula, Urethrovesical Fistulae

	Section 9: Intraoperative injury
	23. Intraoperative Injury: Prevention and Immediate Management

	Section 10: Congenital abnormalities of the female genital tract
	24. Aspects of the Management of Congenital Abnormalities of the Female Genital Tract

	Section 11: Irritative conditions of the genitourinary tract
	25. Urinary Tract Infections
	26. Interstitial Cystitis: An Overview
	27. Chronic Pelvic Pain: Diagnosis and Management

	Section 12: Neurogenic bladder
	28. Neurogenic Bladder: Pathophysiology
	29. Neurogenic Bladder: Evaluation and Management

	Section 13: Statistics
	30. Statistical Concepts for Pelvic Floor Clinicians

	Index



