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Introduction

The aim of this chapter is to present an overview of the normal anatomy
of the pelvis. This will provide the clinician with a better understanding
of the function and support of pelvic organs and their relevance to modern
urogynecologic practice.

Bony pelvis and ligaments

The intra-abdominal cavity extends from the diaphragm cranially to the
pelvic floor caudally. When humans adopted the standing position, the grav-
itational effect of intra-abdominal pressure was transferred from the abdom-
inal (as in quadrupeds) to the pelvic floor musculofascial complex.
Muscles that quadrupeds contract voluntarily to move their tail have
progressively evolved into supportive structures that require continual
involuntary tonic contraction but also need to provide rapid voluntary
contraction for continence mechanisms to bladder and bowel. 

The bony pelvis is composed by two coxal bones, the sacrum and the
coccyx. Each coxal bone is composed by the fusion of the pubis, ischium,
and ilium (Figure 1.1). Anteriorly, coxal bones are tightly attached to each
other at the symphysis pubis and posteriorly to the sacrum at the sacroiliac
junction. Pubic bones have two branches each: the inferior pubic rami fused
with the ischium and the superior pubic rami fused with the ilium. The area
circumscribed by the pubic rami and the ischium is the obturator foramen,
which has a strong connective tissue membrane (the obturator membrane),
with the obturator neurovascular bundle on its superior-lateral aspect (the
obturator canal).

Two strong ligaments arise from the lateral margins of the sacrum: the
sacrotuberous ligament, attaching to the ischial tuberosity; and the
sacrospinous ligament, which attaches to the ischial spine (Figure 1.2).
The pectineal ligament runs along the superior margin of the internal sur-
face of the superior pubic rami. It has no supportive role but is used as an

Chapter 1
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anchoring structure in some anti-incontinence procedures (e.g. Burch
colposuspension).

The ischial spine is an important landmark and is easily palpable through
the vagina or rectum. It plays a central role in pelvic floor support as an
anchoring structure for several important ligaments. The sacrospinous liga-
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Figure 1.1 Right coxal bone, medial view. P � pubic bone, Isch � ischial bone, Il � iliac
bone. Note that in the standing position, the anterior superior iliac spine and the anterior
margin of the pubic bone lie in the same vertical plane.
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Figure 1.2 Right hemipelvis and ligaments, anterior superior view. S � Sacrum, S1–4 �
Sacral foramina.
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ment has an important role in pelvic reconstructive surgery for it can be used
as an anchoring structure during vaginal vault suspension (sacrospinous vagi-
nal vault suspension). The sacrospinous ligament separates the greater from
the lesser sciatic foramen. The arcus tendineus levator ani (ATLA) is the lat-
eral tendinous attachment of the levator ani muscle and extends anteriorly
from the internal aspect of pubic bone, running along the pelvic sidewall to
attach posteriorly to the ischial spine. Finally, the endopelvic fascia that sup-
ports pelvic organs is attached to the arcus tendineus fascia pelvis (ATFP), a
band of dense connective tissue running from the back of pubic symphysis to
the ischial spine (Figure 1.3).

Pelvic floor muscles and nerve supply

Pelvic floor muscles (or levator ani muscle) are divided into two main por-
tions: the pubovisceralis medially; the iliococcygeus and coccygeus laterally
and posteriorly. These are paired structures that are fused together in the
midline. Puborectalis muscle is bulkiest and most medial aspect of pubo-
visceralis muscle. It arises from the back of the pubic bone and runs almost
horizontally to wrap like a sling around the back of the anorectal junction,
elevating the rectum and other pelvic organs cranially and anteriorly. Its
medial border forms the urogenital hiatus through which urethra, vagina,

Pelvic floor anatomy 3
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and anal canal pass. It gives muscular fibers to these structures and is there-
fore divided into specific portions called pubovaginalis and puborectalis
(Figure 1.3).

Pubococcygeus is the lateral part of pubovisceralis muscle. It arises from
the back of pubic bone and anterior part of the ATLA. Pubococcygeus con-
nects pubis with coccyx and is fused with its counterpart along the median
raphe, which runs from the back of the rectum to the coccyx. Laterally and
posteriorly lies the iliococcygeus muscle, which is a thinner layer of muscle
arising from the ATLA and is also fused with its counterpart along the
median raphe and attached posteriorly to the coccyx. Together with the
pubococcygeus, they provide a shelf called the ‘levator plate’ on which
pelvic organs rest. The coccygeus muscle forms the posterior part of the
pelvic diaphragm. It runs from the ischial spine to the coccyx and lower
sacrum. Its superior and posterior aspect is made of dense connective tissue
forming the sacrospinous ligament (Figure 1.3). 

The pelvic diaphragm refers to the levator ani and coccygeus muscles
with their superior and inferior fasciae. The perineal membrane (urogenital
diaphragm) refers to a triangular layer of dense connective tissue lying infe-
riorly to the pelvic diaphragm in the anterior pelvic triangle. It attaches dis-
tal urethra, vagina, and perineal body to the inferior pubic rami. Superficial
to the perineal membrane are the ischiocavernosus, the bulbocavernosus,
and the superficial transverse muscles completing the inferior aspect of
urogenital diaphragm (Figure 1.4). Posteriorly, there is no equivalent to the
perineal membrane. The external anal sphincter lies in this plane attached
anteriorly to the superficial transverse perinei and bulbocavernosus, forming
the perineal body, and posteriorly to the coccyx. 

4 Practical guide to female pelvic medicine

V

Clitoris

External urethral meatus

Ischiocavernosus

Bulbospargiosus

Superficial transverse muscle

Perineal body

External anal sphincter

Perineal membrane (urogenital
diaphragm)

AA

Figure 1.4 Superficial perineal muscles.V � vagina,A � anus.

01 Chapter 1414  9/30/05  1:30 PM  Page 4



The pudendal nerve provides the pelvic floor somatic innervation, arising
from the sacral roots S2–S4. The pudendal nerve exits the pelvic cavity
through the greater sciatic foramen, passes behind the ischial spine and
sacrospinous ligament and re-enters the pelvic space through the lesser
sciatic foramen. It then enters into the pudendal (Alcock’s) canal formed by
the duplication of obturator internus membrane along the inferior pubic
ramus (Figure 1.5). The pudendal nerve gives three branches:

● The first branch is the inferior rectal nerve that arises at the beginning
of the pudendal canal and penetrates the ischiorectal fossa. It gives
motor branches to the lower rectum and the external anal sphincter and
sensory branches to the skin anterior and lateral to the anus. 

● The second branch of the pudendal nerve, the perineal nerve, arises
from the middle of the pudendal canal and gives a sensory perineal
branch and a motor branch for the external urethral sphincter and
perineal muscles. 

Pelvic floor anatomy 5

Figure 1.5 Left hemipelvis, medial view.The levator ani muscle has been removed and the
AlcockÕs canal has been opened to demonstrate the branches of the pudendal nerve.
IS � ischial spine, SSL � sacrospinous ligament, IRN � inferior rectal nerve, PerN �
perineal nerve, DNC � dorsal nerve of clitoris. Cl � clitoris, SP � symphysis pubis, Ob.N
� obturator nerve, Ob.C � obturator canal, Ob.Int.M � obturator internus muscle.
Ob.V � obturator vein,Acc.Ob.V � accessory obturator vein, EIV � external iliac vein,
EIA � external iliac artery, S2–S4, sacral roots.

01 Chapter 1414  9/30/05  1:30 PM  Page 5



● The terminal branch of the pudendal nerve is the dorsal nerve of the
clitoris that crosses the infrapubic canal and supplies sensory innervation
to the clitoral area.

Levator ani muscle is innervated on its internal surface by branches directly
derived from S3 to S4 forming the levator ani nerve, without contribution
from the pudendal nerve.1,2

The autonomic nerve supply of the pelvic organs plays an important role
in their sphincter mechanism. The inferior hypogastric plexus is composed
of a confluence of nerves from the superior hypogastric plexus (para-
sympathetic), the pelvic sympathetic plexus (a direct continuation from the
lumbar trunk), and the pelvic splanchnic nerves (parasympathetic, nervi eri-
gentes) arising directly from the second, third, and fourth sacral foramina.
This nerve plexus runs along the lateral sides of the rectum, vagina, and
bladder and provides autonomic innervation to these organs and to their
sphincters.

Pelvic organs 

The lower urinary tract and the rectoanal canal have both a storage and
evacuation role. They distend without increase of pressure (high compli-
ance) whilst maintaining continence by a sphincter mechanism that must
provide both long-term tonic and rapid phasic contraction. In contrast
during evacuation, the organs must be able to contract with sphincters
relaxation in a coordinated fashion.

Ureters 

Ureters are muscular tubes conveying urine from the kidneys to the bladder.
Their abdominal course is retroperitoneal anteromedial to the psoas muscle.
They cross under the ovarian vessels at variable level between the aortic and
iliac bifurcation and then run parallel to them. The ureters enter the pelvic
cavity by crossing over the external iliac vessels, and run along the pelvic
sidewall in the pararectal space, anterior to the hypogastric artery and the
uterosacral ligaments. They cross under the uterine artery along a distance of
2.5 cm about 2 cm lateral to the vaginal fornices, finally inclining medially to
reach the base of the bladder in front of the vagina. 

Bladder

Bladder is a preperitoneal organ composed of smooth muscle (the detrusor
muscle), covered on its dome by a serosal layer and lined by a submucosa
and transitional cell epithelium. The detrusor muscle is composed of three
separate bundles of smooth muscle arranged in an internal and external

6 Practical guide to female pelvic medicine
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longitudinal and an intermediate circular layer. The bladder wall is tra-
versed by the two ureters at its posterolateral angles. Ureters run obliquely
within the bladder wall at a distance of 1.5–2 cm and open into the blad-
der cavity at the ureteric orifices. These ureteric orifices superiorly and the
internal urethral meatus inferiorly mark the limits of the trigone at the base
of the bladder. The bladder base rests posteriorly on the vagina. The dome of
the bladder is covered by peritoneum (Figure 1.6), which extends posteri-
orly as far as the isthmus of the uterus, onto which it is reflected to form
the uterovesical pouch. Anteriorly, the bladder lies in the retropubic space,
which is filled with adipose and loose areolar tissue. 

Urethra

Urethra is a fibromuscular tube measuring 3–4 cm that extends from the
vesical neck to the external urethral meatus. Its mucosa is a transitional cell
urothelium in its upper third and a nonkeratinizing squamous epithelium in
its distal two-thirds. Urinary continence is maintained by urethral pressure
that exceeds to the intravesical pressure. The sphincter is composed of an
internal smooth and an external striated muscle distributed in different
proportions along its course. Smooth muscle is present along the upper
two-thirds of the urethral length. The striated urethral sphincter is circular
on the upper two-thirds and includes the compressor urethrae and the
urethrovaginal sphincter distally (Figures 1.7a, 1.7b), just above the uro-
genital diaphragm.3 A well-developed layer of submucosal vessels also
participates in the continence mechanism. Arteriovenous anastomoses

Pelvic floor anatomy 7
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01 Chapter 1414  9/30/05  1:30 PM  Page 7



allow inflation of venules, which provide watertight mucosal coaptation
and increase the closure pressure of the urethra. These vessels, as well as
urethral and trigonal mucosa, have estrogen and progesterone receptors.4

Urethral sphincter muscles are under complex neurologic control,
involving the pudendal (afferent) and autonomic nerves.5 The smooth
internal sphincter is innervated by sympathetic fibers arising from the
ventral lumbar region that increase its tone via a-1-noradrenergic recep-
tors. The striated external sphincter is innervated by somatic nerves aris-
ing from the caudal lumbosacral region via cholinergic receptors. The
afferent limb of this lumbosacral reflex is mediated by the pudendal
nerve, which stimulates the efferent pathway during bladder filling. At the
same time, this lumbosacral reflex (the guarding reflex) is modulated by
reflex pontine and voluntary central control.

8 Practical guide to female pelvic medicine
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The urethra is supported posteriorly by the vaginal wall and is fused with
it at its terminal third. Anteriorly, the urethra is suspended to the pubic bone
by the pubourethral ligaments6 and is attached laterally to the pubovisceralis
muscle through a layer of endopelvic fascia. These muscular and ligamentous
supports prevent urethral opening during rises of intra-abdominal pressure.7

Genital tract

The vagina, which is essentially a muscular tubular organ lined by a non-
keratinizing squamous epithelium, occupies a central position in the female
pelvis. The bladder and urethra are positioned anteriorly to the vagina, the
rectum and anal canal posteriorly, and the cervix cranially. 

The uterus is divided into a body (corpus) and a cervix. The body is pear-
shaped and narrows from its fundus at the level of the internal cervical os.
On either sides of the fundus, uterine (Fallopian) tubes carry ova from the
ovaries to the uterine cavity through the ostia. The round ligaments are
attached to the fundus anteriorly and to the tubes and the utero-ovarian
ligaments posteriorly. The uterus is covered by peritoneum (Figure 1.7) that
extends laterally over the round ligament to form the broad ligaments,
stretching from the sides of the uterus to the lateral pelvic sidewall. 

The cervix is approximately 2.5 cm long. The vagina inserts onto the
distal part of the cervix dividing it into an intravaginal and a supravaginal
portion. 

Rectum

The terminal digestive tract is formed by the rectum and the anal canal. As
for the urinary tract, the rectum functions as a reservoir and the anal canal
maintains continence. The transition between rectum and anal canal is at
the level of the pelvic diaphragm. Peritoneum covers the upper two-thirds
of the rectum anteriorly and is reflected onto the upper posterior vaginal
wall, forming the rectovaginal pouch of Douglas. The rectal mucosa con-
sists of columnar and mucous cells that also line the upper anal canal down
to the dentate line. Under this line the anal epithelium is a nonkeratinized
stratified squamous epithelium of the perianal epidermis. 

Anal canal

The anal canal is approximately 4 cm long, and in its wall there is an inter-
nal anal sphincter of smooth muscle, which is a continuation of the circular
rectal muscularis. The puborectalis muscle is fused with the deep or upper
part of the external anal sphincter. The superficial portion of the external
anal sphincter is circular and is wrapped around the terminal portion of the
internal anal sphincter. The terminal part of the external anal sphincter is a

Pelvic floor anatomy 9
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subcutaneous muscle, which is situated below the internal anal sphincter. In
the intersphincteric space between the internal and external anal sphincter
descends an extension of the longitudinal rectal muscularis, forming the
conjoined longitudinal muscle. 

The external anal sphincter is innervated by the inferior rectal nerve, a
branch of the pudendal nerve. The internal anal sphincter has a sympathetic
(motor) and parasympathetic (inhibitory) innervation. Distention of the rec-
tum provokes relaxation of the internal anal sphincter (rectoanal inhibitory
reflex) and contraction of the external anal sphincter (rectoanal contractile
reflex).

Anal continence mainly relies upon anatomic and functional integrity
of the anal sphincter mechanism. The internal anal sphincter provides
about 80% of resting pressure. The external anal sphincter is composed
of slow-twitch and fast-twitch fibers and contributes to about 20% of
resting tone, although its role is to generate rapid voluntary contraction.8

The endopelvic fascia and pelvic floor support

Levator ani muscles are the primary pelvic organ supports and provide a
muscular plate upon which they can rest. Levator ani is composed of slow-
twitch, fatigue-resistant fibers that maintain constant tone and fast-twitch
fibers that allow rapid contraction with sudden rises in intra-abdominal
pressure. Loss of muscular support either caused by denervation or direct
muscular damage will impose increased load on pelvic connective tissue and
provoke a progressive sliding of pelvic organs through the urogenital hia-
tus. Pelvic organ prolapse is therefore closely related to the integrity of
pelvic floor muscles and perivaginal connective tissue. Ligamentous support
in the pelvis is provided by a retroperitoneal layer of connective tissue called
endopelvic fascia (EPF), which represents the top layer of the pelvic floor.
The term ‘fascia’ poorly defines the true composition of these local con-
densations of connective tissue that differs from other fasciae of the body.
The composition of EPF varies with anatomic site but consists mainly of
fibrocytes and fibroblasts, smooth muscle cells, collagen (mainly type I and
III), elastin fibres, nerves, and blood vessels. EPF provides secondary support
to the pelvic organs, by anchoring them to the pelvic sidewalls. 

It is clinically useful to divide the upper vaginal and supravaginal cervix
support into a posteromedial part, the uterosacral ligaments, and an antero-
lateral part, the cardinal ligaments. Uterosacral ligaments (USLs) have been
extensively described by Campbell,9 who divided them into a cervical, an
intermediate, and a sacral portion (Figure 1.8). The cervical portion is
attached to the posterolateral aspect of the cervix at the level of the inter-
nal os and to the lateral vaginal fornices. It is mainly composed of smooth
muscle and connective tissue. It also contains sympathetic and parasympa-
thetic nerve fibers. Its middle portion is made of a dense connective tissue

10 Practical guide to female pelvic medicine
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band, the ‘stratum fibrosum’ at its anterior margin and loose connective tis-
sue posteriorly. Nerves and parasympathetic ganglia are also found at this
level. The sacral portion is essentially made of loose connective tissue and
fans out to insert on the presacral fascia. The direction of USLs is vertical
and provides a suspension of the upper vagina and cervix. The cardinal lig-
aments (also called transverse cervical ligaments by Mackenrodt) are bands

of dense connective tissue attaching the lateral margins of the cervix to the
pelvic sidewalls. The uterine artery runs within this mass of tissue. 

It is currently considered that these two ligaments represent different
parts of the same complex of ligamentous tissue (Figure 1.9), suspending
the upper third of the vagina and the cervix (level 1). The paracolpium is
the portion of EPF which attaches the vagina to the pelvic sidewall. The
parametrium attaches the cervix laterally and posteriorly to the pelvic side-
wall (Figure 1.10).10 The paracolpium and parametrium prevent cervical
and vaginal vault prolapse and are put under tension when traction is
exerted on the cervix. The second third of the vagina (level 2) is attached
laterally to the ATFP through a sheet of EPF (Figure 1.8). This attachment
stretches the vagina laterally and forms a continuous layer of support for
the anterior pelvic compartment. Bladder is therefore supported posteriorly
by a continuous layer composed by the vagina itself and its lateral insertions
on the ATFP. Bladder anteriorly and rectum posteriorly are separated from
the mid-vaginal wall by areolar tissue only. The rectovaginal septum is a layer
of EPF attaching the posterior vaginal wall to the aponeurosis of levator ani
muscle along a line extending along the pelvic sidewall from the perineal
body to the middle of the ATFP.11 The distal part of the vagina is fused
(level 3) with surrounding organs, anteriorly with the urethra, laterally to
the pubovisceralis muscle and ischiopubic rami through the perineal
membrane, and posteriorly with the perineal body.12

Pelvic floor anatomy 11

Figure 1.8 Microscopic view (40�) of the different portions of uterosacral ligaments.
DCT � dense connective tissue made of collagen and elastin fibers. SM � smooth muscle
fibers and fibroblasts, PG � parasympathetic ganglion, LCT � loose connective tissue, BV
� ?.
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Summary

● The pelvis is composed of the two coxal bones, the sacrum and the
coccyx.

● The ischial spine is an easily palpable landmark on which several
important ligaments insert: the arcus tendineus levator ani, the arcus
tendineus fascia pelvis and the sacrospinous ligament. 

● The levator ani muscles provide primary support to pelvic floor organs
by elevating them anteriorly and providing a shelf (levator plate) on
which they can rest posteriorly. The endopelvic fascia provides secondary
support by attaching pelvic organs to the pelvic sidewalls.

● The urethral and anal sphincters are both composed of an internal
smooth muscle layer that provides resting tone and an external striated
layer that can be contracted voluntarily.

12 Practical guide to female pelvic medicine
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Figure 1.9 Vaginal support (after Delancey10). The vagina has three different levels of
support. At level I, the vagina is suspended to the sacrum and pelvic sidewall by the
paracolpos, the inferior extension of the uterosacral and laterocervical ligaments.At level
II, the vagina lies in a more horizontal plane and is attached to the ATFP through a layer
of endopelvic fascia.At level III, the vagina is again in a more vertical plane because of the
action of the puborectalis muscle and is fused with surrounding organs and muscles.
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Introduction

To understand the etiology of incontinence in women, one must have a
working knowledge of the interrelated roles of genitourinary neurophysiol-
ogy, biomechanics, and anatomy in the intricate process of micturition.1

Anatomic and neurologic pathology can occur during the life cycle of the
female patient, with childbearing, hormonal changes, surgical intervention,
and aging. The site of pathologic injury in this complex system determines
the type of incontinence that will result. Types of incontinence and their
definitions are shown in Table 2.1. 

Physiology of micturition

Under normal circumstances, micturition is under voluntary control. The
desire to void in a socially acceptable place is determined by the central
nervous system. It provides input to the pontine micturition center located
in the cerebellum. This center initiates the events that lead to micturition
through efferent impulses to the lumbosacral spinal cord that exert both
facilitatory and inhibitory signals to coordinate the somatic and autonomic
nervous systems. 

To facilitate urine storage, the somatic nervous system maintains closure
of the proximal and mid-urethra, via the pudendal nerve.2 The pudendal
nerve innervates the rhabdosphincter, levator ani and fascia of the pelvic
diaphragm.3 The rhabdosphincter is considered the ‘external’ urethral
sphincter, and is composed of a circumferential organization of striated
muscle with attachments in the lateral vaginal wall.4 This sphincter must
voluntarily relax in order to allow bladder emptying. The levator ani
muscle group exerts tonic pressure against the urethra to maintain conti-
nence.4 In the presence of a stressful intra-abdominal force, contraction of
the rhabdosphincter pulls the distal urethra (compressor urethra) towards
the perineal body and rectum to further compress the urethra. At the same
time the proximal urethra is elevated through its attachment to the arcus
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tendineus fasciae pelvis.5 In addition to the rhabdospincter, the involuntary
(smooth muscle) internal sphincter (bladder neck and proximal urethra)
and the urethral submucosal vascular plexus contribute to maintain closure
of the urethra.6

To initiate voiding, voluntary relaxation of the rhabdosphincter must
occur. The parasympathetic system mediates inhibition of the resting tone
of the smooth muscle at the bladder neck and along the urethra via the
pelvic nerve, resulting in relaxation of an effective internal urethral sphinc-
ter. Parasympathetic fibers travel from S2–S4 via the pelvic nerve (hypogas-
tric nerve), to innervate the detrusor muscle. When stimulated, these fibers
release acetylcholine, which binds to the M2 and M3 receptors, stimulating
contraction of the smooth muscle fibers.7 Of the 5 types of muscarinic
receptors identified (M1–M5), the smooth muscle of the human bladder
contains 80% M2 receptors. The remaining receptors are M3 type and are
mainly responsible for detrusor muscle contraction.8

In contrast, the major role of the sympathetic nervous system is accom-
modating bladder filling by opposing the actions of the parasympathetic
system through the b and a receptors. The alpha receptors are located at the
bladder neck and along the urethra, while the b receptors are dispersed
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Table 2.1 Incontinence types and definitions9

Stress urinary incontinence – the complaint of involuntary leakage on effort or
exertion, or on sneezing or coughing

Urge urinary incontinence – the complaint of involuntary leakage accompanied by
or immediately preceded by urgency

Mixed incontinence – the complaint of involuntary leakage associated with urgency and
also with exertion, effort, sneezing, or coughing

Detrusor overactivity incontinence – incontinence due to an involuntary detrusor
contraction is a urodynamic observation characterized by involuntary detrusor
contractions during filling

Neurogenic detrusor overactivity – detrusor overactivity incontinence due to a
relevant neurologic condition, which may be spontaneous or provoked

Idiopathic detrusor overactivity – detrusor overactivity incontinence without a
defined cause

Urethral relaxation incontinence – leakage due to urethral relaxation in the
presence of raised abdominal pressure or detrusor overactivity

Extraurethral incontinence – an observation of urine leakage through channels
other than the urethra

Uncategorized incontinence – the observation of involuntary leakage that cannot
be classified into one of the above categories, e.g. overflow incontinence from
obstruction
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throughout the detrusor muscle. The sympathetic nerve roots originate in
T11 through L2 and utilize the neurotransmitter norepinephrine.
Sympathetic stimulation of the a-adrenergic receptors increases outlet
resistance by stimulating the internal urethral sphincter to contract. Action
on the b-adrenergic receptors cause bladder smooth muscle relaxation,
inhibiting detrusor contractions. The sensation of bladder fullness is medi-
ated through afferent nerves, which include myelinated A d fibers and
unmyelinated C fibers, of the sympathetic and parasympathetic systems.7

Stress urinary incontinence (SUI) occurs when external forces placed on
the bladder, such as with a cough or sneeze, exceed the closure pressure of
the urethra. The mechanisms that maintain the urethral pressure are
dependent on the intra-abdominal location of the urethra (Figure 2.1).
Vaginal prolapse and urethral hypermobility can occur with the loss of sup-
portive structures at the bladder neck and urethra. Intra-abdominal pres-
sures with coughing or sneezing often overcome the supportive strength of
these damaged structures, resulting in incontinence. Vaginal delivery, pelvic
surgery, hormonal fluctuations, genetic predisposition, and aging are all
potential risk factors.

Muscle, fascial, or pudendal nerve injury are potential complications of
vaginal delivery).10 Subsequent atrophy of the rhabdospincter, levator ani,
and fascial support system can occur, resulting in weakening the supportive
structures necessary to maintain continence (Figure 2.1).

Although menopause has been recognized by many as a risk factor of
SUI, the precise mechanism is unknown. Estrogen receptors are located
along the trigone and urethra.11,12 In these areas estrogen stimulates
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connective tissue metabolism and collagen production, supporting the the-
ory that estrogen deficiency contributes to atrophy of the supportive tissues
of the bladder and urethra, which eventually leads to stress incontinence.13

A decrease in collagen I, the type of collagen with the greatest tensile
strength, has been documented in the arcus tendineus fascia pelvis (ATFP),
with menopause.14 This dense connective tissue represents fascial contribu-
tions from the obturator internus and levator ani. The bilateral ATFP bands
support the lateral vaginal walls. However, separation of the lateral vaginal
walls from the ATFP is the most common site contributing to anterior vagi-
nal prolapse.15 Chen et al showed that collagen degradation in women with
SUI is greater than in continent controls.16 Addition of in-vitro estrogen
produced less response in the incontinent group, suggesting the possibility
of genetic differences predisposing patients to SUI.

Thinning of the urethral mucosa can occur due to decreased blood flow
associated with a hypoestrogenic state.17 With age, striated muscle atrophy
occurs in a predictable pattern at the bladder neck and along the dorsal and
ventral walls of the urethra.18,19 Both age-related processes may explain the
associated age-related finding of decreased urethral closure pressures.20

The etiology of urge urinary incontinence has been theorized as neuro-
genic or myogenic. What is not debated is that the intricate mechanisms
maintaining continence can be disrupted at many levels, resulting in detru-
sor overactivity and subsequent urge urinary incontinence. Griffiths pro-
posed that there are potentially many subtypes of detrusor overactivity.21 As
these are better defined, therapy can become more specific and effective.

The myogenic theory of urge urinary incontinence argues that intrinsic
changes in the smooth muscle cells of the bladder create morphologic
changes that result in an overactive bladder. Bladder outlet obstruction
from prolapse can create detrusor hypertrophy due to increased resistance.
Detrusor fibrosis, decreased nerve density, and smooth muscle changes have
also been observed.22 The damaged smooth muscle has diminished coordi-
nation of its detrusor contraction due to partial denervation. A urothelial-
afferent system has been proposed.23 With distention of the bladder, the
urothelium releases ATP, which then releases a cascade of neurotransmit-
ters, such as acetylcholine. The stimulated muscarinic receptors provide
feedback to the brain, interpreted as urinary urgency.

The neurogenic theory of urge urinary incontinence proposes that blad-
der overactivity is caused by damage to the central or peripheral nervous
system and results in decreased inhibition of detrusor activity. Regression to
primitive bladder reflexes resistant to central inhibition then follows. This
may include increased afferent input from the lower urinary tract and
enhancement of excitatory transmission of the micturition reflex pathway.7

Incontinent older women may have decreased intellectual capacity and a
higher prevalence of hyperreflexia of the lower extremities.24 A region of
the right frontal lobe that is active during voluntary voiding is associated
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with disorientation and urge incontinence when damaged.25 Patients with
neurologic disorders, such as Parkinson’s disease and Alzheimer’s disease,
often develop incontinence. 

Functional incontinence is associated with diseases that impair mobility
or cognitive function, creating barriers to continence, despite an intact
lower urinary tract. Often, patients with cognitive disorders do not recog-
nize the urge to void and do not void in a socially acceptable manner.
Disruption of the central nervous system can result in poor interpretation
of the signals of the need to void, resulting in overflow incontinence, or
voiding voluntarily in the wrong social situation. 
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Introduction

Fecal incontinence is a socially disabling disease. It is associated with
reduced personal hygiene and frequently leads to social isolation and loss
of self-esteem).1 Due to personal embarrassment, the true prevalence
remains unclear. Symptoms may vary from occasional gas incontinence to
minor soiling to gross fecal incontinence of solid stool. The two groups of
individuals mostly affected are females and the elderly. It is estimated that
0.5–1.5%2 of the normal population suffer from fecal incontinence; if
soiling is included, the incidence increases to 5%.3 In geriatric wards, the
incidence is as high as 30%; in psychiatric wards, up to 50%.4 The patho-
physiology of this disease is multifactorial and not yet fully understood.
While decades ago fecal incontinence was often seen as ‘idiopathic’, since
the advent of physiology testing, major progress has been made in under-
standing the complexity of this disease. The aim of this chapter is to high-
light the various forms of fecal incontinence and to explain possible
pathophysiologic mechanisms as a basis for a proper individually tailored
treatment. 

Definitions

Before discussing anal incontinence it is important to understand the main
factors responsible for continence. Stool consistency, capacity and compliance
of the rectum, normal reflex patterns like the rectoanal inhibitory reflex,
as well as proper sensitivity, and intact pelvic floor and sphincter muscles
all help to retain feces in the rectum. Failure of any of these components
(Table 3.1) can lead to anal incontinence. For clinical practice, several
definitions are used: 
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● Continence: the ability to defer the urge to defecate until the time and
place are convenient.

● Anal incontinence: any involuntary leakage of solid or liquid stool or
gas. 

● Fecal incontinence: leakage of liquid or solid stool.
● Passive incontinence: if the main problem of incontinence is due to loss

of sensation in the anal canal, this is called passive incontinence. Quite
often, there is also an internal anal sphincter defect and a low anal
resting pressure.

● Fecal urgency: the sensation of urgency combined with the inability to
defer defecation for more than 5 minutes.

● Urge fecal incontinence: withstanding the urge to defecate is impossible,
resulting in incontinence episodes. This is usually due to pelvic floor
trauma (e.g. obstetric injury) combined with low squeeze pressures.

Physiologic and anatomic basis of continence

Colon

In good health, approximately 1000–1500 ml of fluid enter the colon each
day and about 100–150 ml leave as feces. The human continence mecha-
nism is designed to handle delivery of this amount of solid material on a
daily basis. Normal humans can also maintain continence for liquid stool,
but in some situations, phasic flows of liquid stool can produce urgency and
thus overwhelm the continence mechanisms.5 This means that if a patient
suffers from diarrhea of whatever cause, incontinence can occur due to
exhaustion. 
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Table 3.1 Factors affecting fecal continence

● Stool volume and consistency 

● Small bowel transit 

● Colon transit 

● Distensibility, tone, and capacity of the rectum 

● Motility and evacuability of the rectum 

● Anorectal angle 

● Anorectal sensory and reflex mechanism

● Motility of the anal canal 

● Anal canal high-pressure zone
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Rectum

The rectum is usually empty. When feces enter this organ, the rectum must
adjust to the new situation, if rectal emptying should be delayed. This is
accomplished by the process of rectal compliance. The rectum has both vis-
cous and elastic properties. The viscous properties of the rectum allow it to
accept a distending fecal bolus and at the same time to reduce intraluminal
pressure to keep rectal pressures lower than the actual sphincter pressures
and therefore avoid incontinence episodes. Elastic properties of the rectum
maintain a low pressure while filling. This ability seems to be dependent on
an intact intrinsic nervous system and viable muscle cells. For example,
rectal compliance is impaired in Hirschsprung´s disease, a disease in which
the intrinsic nervous system is affected, as well as in chronic rectal ischemia,
a disease in which chronic fibrosis leads to a rigid rectal wall.6

Pelvic floor

Neuromuscular control has been the subject of considerable investigation
and debate in recent decades. Continence may be under voluntary control
by the striated muscle of the external anal sphincter, or conversely, by the
autonomic nervous system represented by the smooth muscle fibers of the
internal anal sphincter. Anatomically, two concentric muscle cylinders
comprise the anal sphincter complex. Embryologically, the internal anal
sphincter is the continuation of the circular muscle layer of the rectum. That
muscle appears later during embryologic development than the striated
musculature.7 Interestingly, most of the time the internal anal sphincter
maintains a state of near-maximal contraction.5 The major reflex response
of this muscle due to rectal distention is relaxation.6 In contrast, the exter-
nal anal sphincter, a striated muscle outside the internal anal sphincter
cylinder, consists of a subcutaneous, a superficial, and a deep portion. This
muscle is mainly under voluntary control, and its main reflex response to
rectal distention is contraction, to avoid incontinence. The degree of exter-
nal sphincter contraction varies with alterations in intra-abdominal pres-
sures and posture.8 Response of the external anal sphincter can be produced
by voluntary control, change of posture, rectal distention, increase of intra-
abdominal pressure, and anal dilatation. These responses involve several
different neural pathways. The practical hint is that failure of response
to any of these mentioned stimuli is indicative either of muscle disease or
diffuse neurologic disorder.8

The innermost portion of the striated levator ani muscle representing the
pelvic floor is the puborectalis muscle. This muscle is interesting, as its
fibers originate from the backside of the symphysis and then pass posteri-
orly around the lower portion of the rectum in a U-shape. During contrac-
tion of the pelvic floor, this muscle helps to pull the anorectal junction
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forward and upward, elongating the anal canal and increasing the angula-
tion between the rectum and the anal canal. This tonically contracted sling
causes a 90° angulation between the axis of the rectum and the axis of
the anal canal. During defecation, the puborectalis muscle relaxes, the
angulation straightens, and stool passage is possible.9

The neuroanatomy of the sphincters is still not fully understood. Some
decades ago, interesting observations were made in patients undergoing
sacral resections. Patients with total sacral nerve loss were incontinent. If
the sacral nerves S1 and S2 were spared, continence was reduced and there
was a loss of ability to discriminate.10 If all the sacral nerves on one side
were amputated, continence was still intact, demonstrating that nerve supply
of the sphincter organ is symmetrical. Only the sensibility in the anal canal
on the affected side was reduced.10

In-vitro and in-vivo experiments have made a major contribution toward
understanding the function and possible types of receptors. It is well known
that ganglia cells are sparse in the internal anal sphincter. However, there is
an abundance of nerve fibers innervating the smooth muscle cells of the
internal anal sphincter and a high concentration of norepinephrine, the
sympathetic neurotransmitter. Sympathetic nerve stimulation or application
of the neurotransmitter norepinephrine can contract the internal anal
sphincter. Thus, 50–85% of the resting tone is produced by this muscle,
which is not under voluntary control.11 Sympathetic blockade by high
spinal anaesthesia (Th6–Th12) demonstrated a fall in anal canal tone of
50%.12 A similar effect was seen when an infusion of phentolamine, an 
a-adrenoreceptor antagonist, was administered.13 It was thought that while
the sympathetic nerve via the hypogastric nerve is responsible for contrac-
tion, the parasympathetic outflow tract is responsible for inhibition of the
internal anal sphincter. However, the effect of low spinal anaesthesia
(L5–S1) suggests that parasympathetic nerves have little effect on sphincter
tone,12 though muscarinic receptors on or near the smooth internal anal
sphincter can cause relaxation.13

The somatic pudendal nerve, which arises from the second, third, and
fourth sacral nerves, supplies with direct branches the levator ani, the
puborectalis muscle, and the external anal sphincter. The latter is mainly
supplied by the second sacral nerve root. Receptors for the external sphinc-
ter response must lie either near or in the rectal mucosa, because the reflex
disappears after application of a topical anaesthetic.13 Since lesions of the
cauda equina abolish the external sphincter reflex, this reflex is mediated
through the spinal cord.8 This is in contrast to the internal anal sphincter,
where the reflex can also be seen in patients with lower spinal cord
transection.10
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Physiology of defecation

When stool enters the rectum, the rectal wall will relax, allowing distention
and accommodation of the fecal mass. Via a reflex mechanism, contraction
of the external anal sphincter followed by brief relaxation of the upper part
of the internal anal sphincter prevents fecal leakage. This relaxation is nec-
essary so that stool can come in contact with the sensible epithelium in the
transitional zone just above the dentate line to allow discrimination of stool
quality (firm, liquid, gas). This sampling reflex can be investigated during
anal manometry (rectoanal inhibitory reflex).14 The short relaxation is fol-
lowed by a full contraction of the internal anal sphincter. If unwanted, vol-
untary contraction of the external anal sphincter starts to restore full
closure of the sphincter complex by re-catapulting the rectal content into
the sigmoid colon. If defecation is convenient, both sphincters relax and
contraction in the rectal ampulla evacuates the rectal content. 

Etiology of fecal incontinence

Pseudoincontinence

Pseudoincontinence with perineal soiling, frequency, and urgency must be
distinguished from true anal incontinence. Soiling can be caused by pro-
lapsing hemorrhoids, condylomata, fistula-in-ano, perianal dermatologic
diseases, or poor hygiene. Similarly, rectal frequency and urgency as a result
of loss of the rectal reservoir, abnormal rectal compliance, or irritable bowel
syndrome can imitate true anal incontinence. Exact history (prior opera-
tions), clinical investigation, and proctoscopy will help to exclude
pseudoincontinence. 

Overflow incontinence

Fecal impaction, a form of severe constipation, is frequently associated with
incontinence. Patients with this form of the disease are usually elderly and
often suffer from Parkinson’s disease or other neurologic or psychiatric dis-
eases.15 Quite often, anorectal sensation is impaired, compared to age-
matched controls.16 In severe cases, patients lose the ability to contract the
external anal sphincter properly, leading to continuous soiling around the
anus from the liquid stool which passes around the impacted fecal mass.

Incontinence with a normal pelvic floor

Diarrhea

When the amount of liquid stools and bowel transit time are increased,
even in patients with a normally functioning anal sphincter complex, fecal
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incontinence can occur. Diarrhea may be a consequence of intestinal
resection or internal fistula bypassing much of the gastrointestinal tract,
inflammatory bowel disease, laxative abuse, autonomic neuropathy,
parasitic infections, specific toxins, or other causes.5

Cerebral and psychological factors

The function of the voluntary component of anal sphincter activity may be
influenced by the central nervous system. It has been demonstrated that dur-
ing sleep the activity of the whole gut as well as that of the external anal
sphincter is reduced.17 Cann et al reported incontinence episodes during sleep
in patients suffering from irritable bowel disease due to overactivity of the
intestine during the night.18 Psychological factors such as depression, lack of
motivation, or anxiety may adversely affect the outcome of biofeedback
training in patients with fecal incontinence.19

Neurotransmission defects

Defecation, as part of normal social behaviour, is under conscious control.
The upper motor neurons for the voluntary sphincter muscle lie in the
parasagittal motor cortex. They communicate with Onuf’s nucleus, which
is situated in the sacral and gray matter mainly in the S2 and S3 segments
of the cord. The frontal cortex is important for the awareness of the need
to defecate. Common neurologic diseases affecting the central nervous sys-
tem such as cerebrovascular accidents, multiple sclerosis, or dementia can
all disturb sphincter function. If sphincter function is still intact and anal
pressures are normal, reflex defecation will occur but voluntary inhibition
is often impaired. Clinically, patients present with urgency and urge incon-
tinence or, due to poor awareness, with incontinence episodes without any
prior warning.1,9,13

If lower motor neurons are damaged, there will be pelvic floor disturbances
(see below). 

Very often, patients with neurogenic incontinence present with a complex
neurologic lesion involving not just the motor but also the sensory pathway.
They may present with frequency, urgency, and urge incontinence, indic-
ative of an upper motor neuron lesion. At the same time, sphincter weak-
ness and a sensory deficit may express lower motor neuron damage.
Constipation, overflow incontinence, impaired bladder emptying, and
impotence may all be symptoms of a complex neurologic disorder.
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Incontinence with abnormal pelvic floor

Congenital disorders

Anorectal malformations occur in about 1/5000 births. They may range
from imperforate anus to rectal agenesis.20 We judge imperforate anus as
high or low according to the termination of the gut in correlation to the
puborectalis sling. Operative procedures may give these patients some kind
of motor bowel control but sensory deficits are frequent.

Metabolic disorders

Disorders such as diabetes mellitus may affect continence in various ways.
Autonomic neuropathy may lead to diarrhea and incontinence due to
increased anorectal motility and transit. Furthermore, peripheral neuropathy
with pudendal neuropathy may be a part of or can itself lead to a weak anal
sphincter.1,5,8,13,20

Neoplastic disorders

Benign tumors such as a large villous adenoma producing copious mucus
can lead to soiling. Malignant tumors can also interfere with continence,
either by partial obstruction or by direct infiltration into the sphincter
muscles.

Degenerative disorders

Incontinence is often seen in the elderly. It can be caused by cerebral
degeneration in combination with diminished rectal sensation as well as a
weak anal sphincter.

Disorders of the anal sphincter and pelvic floor muscle

Rupture of the external anal sphincter usually presents as urgency and urge
fecal incontinence. A defect in the internal anal sphincter may lead to incon-
tinence independent of additional external sphincter damage.9 Clinically,
soiling and incontinence during sleep can be expected.

OBSTETRIC INJURY

Anal sphincter damage occurring during childbirth is one of the most
common causes of incontinence in middle-aged woman9 (Figure 3.1). 
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● External sphincter injury: occult sphincter defects have been diagnosed
in 35% of primiparous women by anal ultrasound.21 Newer prospec-
tive studies confirm the high rate of injuries in vaginal deliveries.22

Damon et al reported that if there were signs of clinical fecal inconti-
nence and a history of vaginal delivery, endoanal ultrasound would
show an anal sphincter defect in 62%.23 If there have been midline epi-
siotomies and/or operative vaginal delivery, the incidence of sphincter
defects increases up to 50%.24 The gynecologic literature reports the
incidence of a third-degree sphincter rupture during vaginal delivery in
the normal population as about 2%.25 The success rate for surgical
repair of obstetric sphincter defects is about 75% after 5 years but it
decreases with time, to about 50% after 10 years.26

● Internal sphincter injury: damage to the internal sphincter may be
isolated or in combination with an external sphincter defect. The
majority of these defects are anterior.

TRAUMA

Accidental trauma to the sphincter by impalement or gunshot wounds or as
a result of a blunt pelvic trauma has been reported.27 In children, sexual
abuse should be excluded; in adults, damage to the sphincter can be the
result of retained rectal foreign bodies and anorectal injuries secondary to
homosexual activities, sexual assaults, and anal autoeroticism.28

SURGERY

Fistula surgery is the most common cause of incontinence due to muscle
injuries after operative procedures. Many other operations with more or
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less extensive grades of anal incontinence have been reported, such as after
anal sphincter stretch,29 hemorrhoidectomy,10 internal sphincterotomy for
chronic anal fissures,30 and for sphincter-saving operations, e.g. after
coloanal anastomosis for low rectal cancer,31 or after ilioanal anastomosis
with a pouch in patients with ulcerative colitis32 or familial adenomatous
polyposis.33

Neurogenic disorders

Neurologic disorders can be classified as cerebral, spinal, and peripheral.
The nerves of the pelvic floor can be damaged during childbirth and as a
result of excessive straining in constipated patients, leading to stretch injury
of the pudendal nerve, which anatomically passes through Alcock´s canal to
reach the underside of the pelvic floor muscles. Such patients often display
physical signs of perineal descent.34

PUDENDAL NEUROPATHY

Reduced pudendal nerve conduction velocity frequently induced by deliver-
ies can lead to histologic and physiologic signs of denervation and reinner-
vation, as proven by pelvic floor electromyography (EMG).1,5,8,13,20,34

Generally, pudendal nerve function and continence nearly normalize within
6 months after delivery, but neural dysfunction may persist in some
patients.35 Clinically, pudendal neuropathy will lead to low squeeze pres-
sures in the anal canal, an increase in fiber density in the sphincters, and
decreased anal canal sensation. However, it must be noted that pudendal
neuropathy does not necessarily result in fecal incontinence.1,5,8,13,20

Prolonged pudendal nerve terminal motor latency measurement may
influence the prognosis after surgical corrections of sphincter defects.36

AUTONOMIC NEUROPATHY

Reduced sphincter pressures can be a consequence of childbirth. It is
hypothesized that autonomic neuropathy may lead to internal sphincter
denervation. Although the sphincter looks normal on endoanal ultrasound,
low pressures and a poor reflex response are observed.37 Diabetes, which
causes autonomic and somatic neuropathy, may also lead to dysfunction
and denervation of both the external and internal anal sphincter.1,5,8,9,13

SENSORY IMPAIRMENT AND RECTAL EVACUATION DISORDERS

Disturbed sensation and reduced rectal motility are most often seen in eld-
erly people and there may be clinical signs of overflow incontinence.
Another group of patients with sensory difficulties are females with
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rectoceles.38,39 Despite intensive efforts to understand the pathophysiology
of fecal incontinence, there are still a number of patients whose incontinence
remains unexplained, and their disease is still called ‘idiopathic fecal
incontinence’. 

Miscellaneous

AGE

A common form of anal incontinence is that associated with old age.
Sphincter pressures as well as cerebral function decrease with age.14 The
precise etiology is often unclear, especially when there is a history of multi-
parity and concomitant abnormal perineal descent. Furthermore, physical
inability to reach the toilet in time can present as fecal incontinence.40

RECTAL PROLAPSE

Rectal prolapse is associated with incontinence in about 50% of patients. It
is important to differentiate mucus leakage from the prolapse from true
incontinence. Factors which are discussed as being responsible for inconti-
nence in these patients are pudendal neuropathy, perineal descent and
continuous stretch of the sphincters, and inhibition of the rectoanal
inhibitory reflex by the prolapse itself.41

RADIATION

Diminished organ nutrition and radiation endarteritis with subsequent
atrophy and fibrosis are the result of radiation therapy. Besides sensory
deficits, noncompliance of the irradiated rectum is often the biggest prob-
lem. When radiation therapy is planned, careful evaluation of the sphincter
is recommended and, if function is poor, sphincter-saving procedures
should be avoided.42

Summary

● Pathophysiologic understanding of the various forms of anal
incontinence is a prerequisite for an individual treatment concept.

● The first step is to differentiate between pseudoincontinence, overflow
incontinence, and true anal incontinence.

● The next step is to differentiate between incontinence with and without
a pelvic floor problem.

● Obstetric sphincter injuries are frequent causes of fecal incontinence.
● Women and elderly patients are most often affected by anal

incontinence problems.
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Vaginal prolapse, which is the herniation of the bladder, rectum, small intes-
tine, uterus, or other intraperitoneal contents into the vaginal canal, repre-
sents a problem of growing public awareness and increasing incidence.
Thus, both gynecologists and urologists are caring for an increasing num-
ber of patients suffering from symptomatic vaginal prolapse. The recent
demographic trend towards the larger number of ‘baby-boomers’ entering
their peri- and postmenopausal years, when incidence of genital prolapse
increases, is not an unexpected phenomenon. 

It is estimated that approximately 400 000 pelvic reconstructive and anti-
incontinence surgeries are performed in the United States on a yearly basis.
This number will probably continue to increase, as it is estimated that 11%
of women will need an operation for prolapse or incontinence with a 30%
reoperation rate.1 For a reconstructive surgeon, a clear understanding of
anatomic alterations leading to the development of genital prolapse is of
crucial importance. Surgical therapy directed at correction of specific
anatomic defects will only be effective if the surgeon is keenly aware of the
underlying anatomic alterations and performs the right procedure for each
segmental prolapse. This is of special importance in the treatment of vaginal
vault prolapse, which in a post-hysterectomy patient can present with
rather subtle findings.

Pathophysiology

Underlying most forms of pelvic floor dysfunction is direct tissue damage
resultant from passage of a large fetus through a relatively small vaginal
hiatus during the vaginal birth process. Weakening muscular support of
the pelvic floor due to neuromuscular injury from a vaginal delivery will
lead to perineal and pelvic floor descent and marked strain on supporting
ligaments and connective tissue. Specific tears and the supporting infra-
structure of the pelvic structures also occur during the vaginal delivery
process. These include separation of lateral vaginal support from the
pelvic sidewall as well as tearing of superior uterine support along the
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uterosacral ligament/cardinal ligament complex. Complete avoidance of
the vaginal delivery process may not be completely protective, as preg-
nancy itself has been noted to result in significant strain to the pelvic floor
supporting structure. Although a primary cesarean section may protect
from most forms of pelvic floor dysfunction, it has been estimated that
three unlabored cesarean sections may result in a similar impact as one
vaginal delivery. In addition, chronic increases in intra-abdominal pressure
– such as chronic coughing, chronic constipation, and other physical activ-
ities associated with increased Valsalva efforts – may lead to weakening of
pelvic support structures. Genetic connective tissue weakness and post-
menopausal estrogen-deficiency-related urogenital arophy can also
promote development of genital prolapse.

Normal anatomic support

In order for pelvic anatomy to be maintained, appropriate support must be
present along the vaginal apex, perineal body, and the intervening anterior
and posterior vaginal walls. The different areas of support are illustrated in
Figure 4.1.

Apical support

The uterine cervix provides a focal point for attachment of the uterosacral
and cardinal ligaments. These are primarily responsible for apical support
by attachment vertically towards the sacrum (uterosacral ligaments) and
laterally (cardinal ligaments) towards the ischial spines.2 In cervical/uterine
prolapse, the cervix either becomes detached from the ligament complex or
there is significant hypertrophy of the cervix with maintenance of good
vault support (Figure 4.2). This is an important differentiation when evalu-
ating a patient with uterine prolapse. If the patient has isolated cervical
hypertrophy (which can lead to a cervix of 8–10 cm in length) without api-
cal prolapse, surgery will entail a simple hysterectomy or Manchester pro-
cedure associated with cervical amputation. However, if uterine prolapse
without cervical hypertrophy is found, it will probably be associated with
posterior weakness of apical support and require performance of a McCall’s
or Mayo culdoplasty to restore vaginal support to the proximal uterosacral
ligaments (Figure 4.3). Preoperative examination is therefore crucial in
assessing the anatomy associated with cervical prolapse.

In a post-hysterectomy patient, either cardinal or uterosacral ligaments
can become detached from the vaginal apex, resulting in apical prolapse
(Figure 4.4). This emphasizes the importance of reattachment of the liga-
ments to the cuff at the time of hysterectomy. Various techniques are clini-
cally used to reattach the ligaments to the apex at the time of hysterectomy
but are not universally utilized by gynecologic surgeons. Besides removal of

36 Practical guide to female pelvic medicine

04 Chapter 1414  9/30/05  1:32 PM  Page 36



the uterus, the principal focus at the time of a hysterectomy (especially for
prolapse) should be in restoration of vault support with a McCall or Mayo
culdoplasy designed to reattach the uterosacral and cardinal ligaments to
the vaginal cuff. Post-hysterectomy vault prolapse can be effectively
prevented with these techniques (see Ch. 13). 

When post-hysterectomy vaginal vault prolapse occurs, it is of crucial
importance for the reconstructive surgeon to recognize this anatomic alter-
ation during the preoperative evaluation. During physical examination,
there will typically be a transverse band of scar tissue visible at the apex
with a ‘dimple’ at either end of the scar band. These dimples represent pre-
vious attachment sites of the uterosacral and cardinal ligaments and are a
very useful landmark for identification of vault prolapse.3 In a traditional
culdoplasty, surgical therapy is directed at restoring connection of the vagi-
nal apex to the uterosacral ligaments intraoperatively. Recent trends have
been directed at recreating ligamentous support utilizing synthetic tapes or
performing the suspension to clearly identifiable uterosacral ligaments
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Vaginal cuff/cervix apical attachment

Rectovaginal septum

Bulbocavernosus
muscle

Perineal body inferior attachment

Transverse perineii muscle

External anal sphincter

Cardinal ligament

Cervix

Uterosacral Ligament

Figure 4.1 Normal vaginal support anatomy with interconnected apical support (cardinal
and uterosacral ligaments), anterior anal posterior wall fibromuscular endopelvic fascia,
and the perineal body musculature.
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Vault

Figure 4.2 Uterine/cervical prolapse can be present as isolated cervical hypertrophy
without apical prolapse (a), apical prolapse without cervical hypertrophy (b), or a
combination of both.

(a)

(b)
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Figure 4.3 A McCall culdoplasty incorporates both uterosacral ligaments, intervening
posterior cul-de-sac peritoneum, and full thickness of the apical vaginal wall.

1

2

Figure 4.4 Prolapse can develop as a consequence of separation of the uterosacral or
cardinal ligaments apically, fibromuscular layer anteriorly or posteriorly, or the perineal
body musculature. 1. vaginal apex with separated attachments of uterosacral and cardinal
ligaments. 2. perineal body with separated attachments of bulbocavernosus, transverse
perineii, and external anal sphincter muscles.
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laparoscopically. Alternatively, other forms of vault suspension techniques
are performed without utilizing the endogenous support ligaments.

Perineal anatomy

The inferior-most pelvic support is localized at the perineal body, between
the anus and the vagina. This structure represents a condensation of con-
nective and muscular tissue, including the anterior attachment of the exter-
nal anal sphincter, medial attachment of the transverse perineii muscles, and
posterior attachment of the bulbocavernosus muscles (Figure 4.1). This
condensation forms a fulcrum of attachment of these muscles as well as of
the fibromuscular tissue entailing the rectovaginal septum fascia. The per-
ineal body begins at the level of the levator musculature and extends down
to the perineal skin. Muscular weakness and development of tears along the
perineal body will lead to perineal descent, placing further strain on apical
supports and thus further anatomic support weakness. Restoration of per-
ineal body integrity is frequently ignored during reconstructive surgery,
resulting in incomplete restoration of anatomy and jeopardizing a surgical
repair. The muscles that form the perineal body are not easily identified
during surgical dissection. They typically represent a condensation of
connective tissue that is deficient in most women with advanced prolapse. 

Fibromuscular (fascial) support structures

A layer of fibromuscular tissue, more commonly known as ‘fascia’, sur-
rounds the entire vaginal canal. This endopelvic fascia has traditionally
been dissected free from the overlying vaginal epithelium and then plicated
in the midline in order to correct a cystocele or rectocele. Further under-
standing of the role of this fascia has allowed us to improve our surgical
techniques as well as clarify the reasons for prolapse recurrence and surgi-
cal failures. Recent histologic examinations have determined that endo-
pelvic fascia is truly a fibromuscular layer.4 As such, its strength is
debatable, and thus its role in providing anatomic support is controversial.
Nevertheless, during surgical dissections, specific detachments or tears in the
fibromuscular layer can be clearly identified. These defects have been popu-
larized as ‘site-specific tears’. In addition, correction of site-specific tears or
separations from normal support structures has satisfactorily restored
anatomic support in many patients. Thus, although controversy persists,
there is certainly an important role for the vaginal wall fibromuscular layer
in providing normal anatomic support. 

The fibromuscular layer along the anterior vaginal wall is known as the
pubocervical fascia. Posteriorly, it is known as the rectovaginal septum, or
Denonvilliers’ fascia. This posterior fascia has primarily been described in
males, but is also present in females as a layer of fibromuscular tissue from
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the perineal body to the vaginal apex or cervix. It is thus important to rec-
ognize that the entire vaginal canal is enveloped by intact fascia with
attachments apically, inferiorly, and laterally. Tears in the fibromuscular
layer can develop at either of the attachment sites or within the layer itself.
These separations of endopelvic fascia from its lateral attachments are
known as paravaginal defects and typically lead to cystocele development.
Paravaginal detachments are most commonly found on the right side. Work
by anatomists on fresh cadavers demonstrated the high incidence of par-
avaginal defects in women, and led to the popularity of paravaginal defect
repairs. However, this popularity for correction of cystoceles has declined,
as surgeons have begun to realize the paravaginal defects do not always
need to be repaired. In addition, correction of a paravaginal defect may
require an abdominal procedure or a tedious vaginal repair.

Recently, our understanding of the frequency of fascial tears has
improved with intraoperative dissection. Careful examination of prolapse
segments as well as careful dissection of the fibromuscular layer from the
overlying vaginal epithelium frequently identifies specific tears in this fibro-
muscular layer. It has become clear that fascial tears tend to begin as apical
transverse defects, or separation of the fibromuscular layer from the vagi-
nal apex or cervix, with the highest degree of frequency. Recent studies
from our center reveal that the highest incidence of fascial separation occurs
as superior transverse fascial defects posteriorly.5 This will typically lead
to the formation of what is commonly thought of as an enterocele.
Restoration of attachment of this layer to the vaginal apex will most often
also reduce an obvious rectocele. Thus, restoration of intact attachment of
the fibromuscular layer to the vaginal cuff can be an important part of the
correction of any posterior vaginal prolapse. Along the anterior vaginal
wall, superior transverse fibromuscular layer separation is also very
common in the development of a cystocele, and may be more clinically
significant than paravaginal separation.4

Inferior perineal defects were thought to be quite common, especially in
posterior wall prolapse. Our experience has shown that although they do
exist, their frequency is not as high as that of superior transverse defects. 

The frequent difficulty in identifying specific fascial defects has led to the
increasing popularity of biologic and synthetic grafts in reconstructive sur-
gery. Under currently utilized techniques, a graft is utilized to reinforce
and/or replace endogenous endopelvic fibromuscular tissue. If attached
from sidewall to sidewall and from apex to perineum, the usage of a graft
would in fact obviate the need for correction of specific defects or tears. 

Neuromuscular function

It is well understood that appropriate function of the levator musculature
is required for appropriate pelvic support as well as pelvic visceral function.
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Injury to the pudendal nerves and/or direct injury to the levator muscles will
lead to weakness and descent of the levator plate, resulting in enlargement
of the levator hiatus and increasing propensity to prolapse of the pelvic
organs. In women with significant pelvic neuropathy, the levator muscles
assume a more vertical configuration as compared to a conical figuration,
thus resulting in worsening support of pelvic structures. During reconstruc-
tive surgery, restoration of muscular support is very important. Although
levator plication is controversial due to the increased risk of dyspareunia,
this in fact may help normalize muscular support to the pelvis.

Conclusions

Genital prolapse develops as a consequence of multiple factors, including
weakness in the endopelvic fibromuscular layer, neuromuscular dysfunction
of the pelvic floor, and tears along ligament support structures. Surgical
treatment of genital prolapse is based on accurate identification of the pro-
lapsed segment as well as the anatomic defect responsible for that prolapse.
Current trends in surgical practice are focused on correcting specific sup-
port defects. Future trends in surgical reconstruction are directed towards
comprehensive pelvic floor reconstruction with grafts to correct multiple
defects simultaneously.

References

1. Olsen AL, Smith VJ, Bergstrom JO, Colling JC, Clark AL. Epidemiology of sur-
gically managed pelvic organ prolapse and urinary incontinence. Obstet
Gynecol 1997;89(4):501–6. 

2. Davila GW. Vaginal Vault Surgery. In: Pelvic Floor Dysfunction: A
Multidisciplinary Approach. Davila GW, Wexner SD and Ghoniem GM, eds.
Springer-Verlag, London, 2005.

3. Biller D, Davila GW. Choosing the best technique for vaginal vault prolapse.
OBG Management 2004;16(12):21–34.

4. Weber AM, Walters MD. Anterior vaginal prolapse: review of anatomy and
techniques of surgical repair. Obstet Gynecol 1997, 89:331–8.

5. Guerette N, Davila GW. Can discrete vaginal fascial defects be accurately
identified preoperatively? Neurourol Urodyn 2004;23(5/6):436–437.

42 Practical guide to female pelvic medicine

04 Chapter 1414  9/30/05  1:32 PM  Page 42



Introduction

The female genital and lower urinary tract share a common embryologic
origin from the urogenital sinus (Figure 5.1) and both are sensitive to the
effects of female sex steroid hormones.

Estrogen is known to have an important role in the function of the lower
urinary tract throughout adult life, and estrogen and progesterone receptors
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Figure 5.1 Embryologic origin of the female genital and lower urinary tract.
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have been demonstrated in the vagina, urethra, bladder, and pelvic floor
musculature.1–4 Estrogen deficiency that occurs following menopause is
known to cause atrophic changes within the urogenital tract5 and is associ-
ated with urinary symptoms such as frequency, urgency, nocturia, inconti-
nence, and recurrent infection. These may coexist with symptoms of vaginal
atrophy such as dyspareunia, itching, burning, and dryness.

Estrogen receptors 

The effects of the steroid hormone 17b-estradiol (Figure 5.2) are mediated
by ligand-activated transcription factors known as estrogen receptors,
which are glycoproteins sharing common features with androgen and
progesterone receptors. 

The classic estrogen receptor (ERa) was first discovered by Elwood
Jensen in 1958 and cloned from uterine tissue in 1986,6 although it was not
until 1996 that the second estrogen receptor (ERb) was identified7 (Figure
5.3).

Estrogen receptors have been demonstrated throughout the lower urinary
tract and are expressed in the squamous epithelium of the proximal and dis-
tal urethra, vagina, and trigone of the bladder,8 although not in the dome
of the bladder, reflecting its different embryologic origin (Figure 5.4). The
pubococcygeous and the musculature of the pelvic floor have also been
shown to be estrogen-sensitive,9,10 although estrogen receptors have not yet
been identified in the levator ani muscles.11

More recently, the distribution of estrogen receptors throughout the uro-
genital tract has been studied, with both a and b receptors being found in
the vaginal walls and uterosacral ligaments of premenopausal women,
although the latter was absent in the vaginal walls of postmenopausal
women.12 In addition, a receptors are localized in the urethral sphincter,
and when sensitized by estrogens, are thought to help maintain muscular
tone.13 Interestingly, estrogen receptors have also been identified in mast
cells in women with interstitial cystitis14 and in the male lower urinary tract.
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Figure 5.3 Estrogen receptor.

Figure 5.4 Estrogen receptors (stained dark blue) are present in the subepithelium of the
vagina (a) although they have much lower expression in the bladder (b).

(a) (b)
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Lower urinary tract function

Estrogens play an important role in the continence mechanism, with blad-
der and urethral function becoming less efficient with age.15 Elderly women
have been found to have a reduced flow rate, increased urinary residuals,
higher filling pressures, reduced bladder capacity, and lower maximum
voiding pressures.16 Estrogens may affect continence by increasing urethral
resistance, raising the sensory threshold of the bladder, or by increasing
a-adrenoreceptor sensitivity in the urethral smooth muscle.17,18

Bladder function

Estrogen is known to have a direct effect on detrusor function through
modifications in muscarinic receptors19,20 and by inhibition of movement of
extracellular calcium ions into muscle cells.21 Consequently, estradiol has
been shown to reduce the amplitude and frequency of spontaneous rhyth-
mic detrusor contractions;22 there is also evidence that it may increase the
sensory threshold of the bladder in some women.23

Neurologic control

Sex hormones are known to influence the central neurologic control of mic-
turition, although their exact role in the micturition pathway has yet to be
elucidated. Estrogen receptors have been demonstrated in the cerebral
cortex, limbic system, hippocampus, and cerebellum.24,25

Urethra

Estrogen receptors have been demonstrated in the squamous epithelium of
both the proximal and distal urethra,24 and estrogen has been shown to
improve the maturation index of urethral squamous epithelium.26 It has
been suggested that estrogen increases urethral closure pressure and
improves pressure transmission to the proximal urethra, both promoting
continence.27–30 The vascular pulsations seen on urethral pressure pro-
filometry secondary to blood flow in the urethral submucosa and urethral
sphincter have been shown to increase in size following estrogen adminis-
tration,31 whereas while the effect is lost following estrogen withdrawal at
menopause.

Collagen

Estrogens are known to have an effect on collagen synthesis (Figure 5.5)
and they have been shown to have a direct effect on collagen metabolism in
the lower genital tract.32 Changes found in women with urogenital atrophy
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may represent an alteration in systemic collagenase activity,33 and urody-
namic stress incontinence and urogenital prolapse have been associated
with a reduction in both vaginal and periurethral collagen.34–36

Urogenital atrophy

Withdrawal of endogenous estrogen at menopause results in climacteric
symptoms such as hot flushes and night sweats in addition to the less com-
monly reported symptoms of urogenital atrophy. Symptoms do not usually
develop until several years following the menopause when levels of endoge-
nous estrogens fall below the level required to promote endometrial
growth.37 This temporal relationship would suggest estrogen withdrawal as
the cause. 

Vaginal dryness is commonly the first reported symptom and is caused by
a reduction in mucus production within the vaginal glands (Table 5.1). The
signs associated with urogenital atrophy are listed in Table 5.2.

Atrophy within the vaginal epithelium leads to thinning and an increased
susceptibility to infection and mechanical trauma (Figure 5.6). Glycogen
depletion within the vaginal mucosa following menopause leads to a
decrease in lactic acid formation by Döderlein’s lactobacillus and a conse-
quent rise in vaginal pH from around 4 to between 6 and 7. This allows
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Figure 5.5 Scanning electron micrograph of collagen fibers. Each is composed of three
chains wound together in a triple helix.
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bacterial overgrowth and colonization with Gram-negative bacilli, com-
pounding the effects of vaginal atrophy and leading to symptoms of vagini-
tis such as pruritus, dyspareunia, and discharge (Figure 5.7). In order to
clinically grade and quantify the changes associated with urogenital atro-
phy, a scoring system has been developed based on a five-point scale38

(Table 5.3).

Lower urinary tract symptoms

Epidemiologic studies have implicated estrogen deficiency in the etiology of
lower urinary tract symptoms, with 70% of women relating the onset of
urinary incontinence to their final menstrual period.5 Urge incontinence, in
particular, is more prevalent following menopause, and the prevalence
would appear to rise with increasing years of estrogen deficiency.39 There is,
however, conflicting evidence regarding the role of estrogen withdrawal at
the time of the menopause. Some studies have shown a peak incidence in
perimenopausal women,40,41 whereas other evidence suggests that many
women develop incontinence at least 10 years prior to the cessation of
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Table 5.1 Symptoms of Urogenital Atrophy

Vaginal Dryness

Dyspareunia

Vaginal burning

Pruritis

Urinary symptoms: urgency, frequency, nocturia, dysuria, recurrent infection

Prolapse

Table 5.2 Signs of Urogenital Atrophy

Pallor / Inflammation

Petechiae

Epithelial or mucosal thinning

Decreased elasticity

Urogenital prolapse
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Figure 5.6 Vaginal vault prolapse (a) and third-degree uterine prolapse (b) in
postmenopausal women complaining of urogenital atrophy.

Figure 5.7 Vaginal cytology in a healthy premenopausal woman (a) and following the
menopause in a woman with symptomatic vaginal atrophy (b).

(a) (b)

(a) (b)
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menstruation, with significantly more premenopausal women than post-
menopausal women affected.42 (Hormones and Urogenital Therapy (HUT)
Committee, unpublished work).

Urinary tract infection is also a common cause of urinary symptoms in
women of all ages. This is a particular problem in the elderly, with a
reported incidence of 20% in the community and over 50% in institution-
alized patients.43,44 Pathophysiologic changes, such as impairment of blad-
der emptying, poor perineal hygiene and both fecal and urinary
incontinence, may partly account for the high prevalence observed. In addi-
tion, changes in the vaginal flora due to estrogen depletion lead to colo-
nization with Gram-negative bacilli, which in addition to causing local
irritative symptoms, also act as uropathogens. 

Estrogens in the management of incontinence

Estrogen preparations have been used for many years in the treatment of
urinary incontinence,45,46 although their precise role remains controversial.
Many of the studies performed have been uncontrolled observational series
that have examined the use of a wide range of different preparations, doses,
and routes of administration. The inconsistent use of progestogens to pro-
vide endometrial protection is a further confounding factor that makes
interpretation of the results difficult.

In order to clarify the situation, a meta-analysis from the HUT
Committee was reported.47 Of 166 articles identified, which were published
in English between 1969 and 1992, only 6 were controlled trials and 17
were uncontrolled series. Meta-analysis found an overall significant effect
of estrogen therapy on subjective improvement in all subjects and for sub-
jects with genuine stress incontinence alone. Subjective improvement rates
with estrogen therapy in randomized controlled trials ranged from 64% to
75%, although placebo groups also reported an improvement of 10–56%.
In uncontrolled series, subjective improvement rates were 8–89%, whereas
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Table 5.3 The Vaginal Health Index

Overall elasticity

Fluid secretion (type and consistency)

pH

Epithelial integrity

Moisture
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subjects with urodynamic stress incontinence showed improvement of
34–73%. However, when assessing objective fluid loss, there was no signif-
icant effect. Maximum urethral closure pressure was found to increase sig-
nificantly with estrogen therapy, although this outcome was influenced by
a single study showing a large effect.48

A further meta-analysis performed in Italy has analyzed the results of
randomized controlled clinical trials on the efficacy of estrogen treatment in
postmenopausal women with urinary incontinence.49 A search of the liter-
ature (1965–1996) revealed 72 articles, of which only four met the meta-
analysis criteria. There was a statistically significant difference in subjective
outcome between estrogen and placebo, although there was no such differ-
ence in objective or urodynamic outcome. The authors conclude that this
difference could be relevant, although the studies may have lacked objective
sensitivity to detect this. 

The role of estrogen replacement therapy in the prevention of ischemic
heart disease has recently been assessed in a 4-year randomized trial, the
Heart and Estrogen/progestin Replacement Study (HERS)50 involving 2763
postmenopausal women younger than 80 years old with intact uteri and
ischemic heart disease. In the study, 55% of women reported at least one
episode of urinary incontinence each week and were randomly assigned to
oral conjugated estrogen plus medroxyprogesterone acetate or placebo
daily. Incontinence improved in 26% of women assigned to placebo as com-
pared to 21% receiving hormone replacement therapy (HRT), whereas
27% of the placebo group complained of worsening symptoms compared
with 39% in the HRT group (p � 0.001). The incidence of incontinent
episodes per week increased an average of 0.7 in the HRT group and
decreased by 0.1 in the placebo group (p � 0.001). Overall, combined
hormone replacement therapy was associated with worsening stress and
urge urinary incontinence, although there was no significant difference in
daytime frequency, nocturia, or number of urinary tract infections.

These findings have also been confirmed in the Nurse’s Health Study
which followed 39 436 postmenopausal women aged 50–75 years old over
a 4-year period The risk of incontinence was found to be elevated in those
women taking HRT when compared to those who had never taken HRT.
There was an increase in risk in women taking oral estrogen (RR � 1.54;
95% CI 1.44–1.65), transdermal estrogen (RR � 1.68; 95% CI 1.41–2.00),
oral estrogen and progesterone (RR � 1.34; 95% CI 1.24–1.34), and trans-
dermal estrogen and progesterone (RR � 1.46; CI 1.16–1.84). In addition,
while there remained a small risk after the cessation of HRT (RR � 1.14;
95% CI 1.06–1.23), by 10 years the risk was identical (RR � 1.02; 95% CI
0.91–1.41) and was identical to those women who had never taken HRT.51

More recently, the effects of oral estrogens and progestogens on the lower
urinary tract have been assessed in 32 female nursing home residents,52 with
an average age of 88 years old. Subjects were randomized to oral estrogen
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and progesterone or placebo for 6 months. At follow-up, there was no dif-
ference between severity of incontinence, prevalence of bacteriuria, or the
results of vaginal cultures, although there was an improvement in atrophic
vaginitis in the placebo group.

The most recent meta-analysis of the effect of estrogen therapy on the
lower urinary tract has been performed by the Cochrane group.53 Overall,
28 trials were identified, including 2926 women. In the 15 trials comparing
estrogen to placebo, there was a higher subjective impression of improve-
ment rate in those women taking estrogen, and this was the case for all
types of incontinence (RR for cure � 1.61; 95% CI 1.04–2.49). Equally,
when subjective cure and improvement were taken together, there was a sta-
tistically higher cure and improvement rate for both urge (57% vs 28%)
and stress (43% vs 27%) incontinence. In those women with urge inconti-
nence, the chance of improvement was 25% higher than in women with
stress incontinence and, overall, about 50% of women treated with estro-
gen were cured or improved compared with 25% on placebo. The authors
concluded that estrogens can improve or cure incontinence and that the
effect may be most useful in women complaining of urge incontinence. 

Estrogens in the management of stress
incontinence

In addition to the studies included in the HUT meta-analysis, several
authors have also investigated the role of estrogen therapy in the manage-
ment of urodynamic stress incontinence only. Oral estrogens have been
reported to increase the maximum urethral pressures and lead to sympto-
matic improvement in 65–70% of women,54,55 although other work has not
confirmed this.56,57 More recently, two placebo-controlled studies have been
performed examining the use of oral estrogens in the treatment of urody-
namic stress incontinence in postmenopausal women. Neither conjugated
equine estrogens and medroxyprogesterone,58 or unopposed estradiol valer-
ate59 showed a significant difference in either subjective or objective out-
comes. Furthermore, a review of 8 controlled and 14 uncontrolled
prospective trials concluded that estrogen therapy was not an efficacious
treatment for stress incontinence but may be useful for symptoms of
urgency and frequency.60

A recently reported meta-analysis has helped determine the role of estro-
gen replacement in women with stress incontinence.61 Of the papers
reviewed, 14 were nonrandomized studies, 6 randomized trials (of which 4
were placebo controlled), and 2 meta-analyses. Interestingly, there was only
a symptomatic or clinical improvement noted in the nonrandomized studies,
whereas no such effect was noted in the randomized trials. The authors con-
clude that, currently, the evidence would not support the use of estrogen
replacement alone in the management of stress incontinence.
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Estrogens in the management of urge
incontinence

Estrogens have been used in the treatment of urinary urgency and urge
incontinence for many years, although there have been few controlled trials
to confirm their efficacy. A double-blind placebo-controlled crossover study
using oral estriol in 34 postmenopausal women produced subjective
improvement in 8 women with mixed incontinence and 12 with urge incon-
tinence.62 However, a double-blinded multicenter study of the use of estriol
(3 mg/day) in postmenopausal women complaining of urgency has failed to
confirm these findings,63 showing both subjective and objective improve-
ment, but with no significant improvement over placebo. Estriol is a natu-
rally occurring weak estrogen, which has little effect on the endometrium
and does not prevent osteoporosis, although it has been used in the treat-
ment of urogenital atrophy. Consequently, it is possible that the dosage or
route of administration in this study was not appropriate in the treatment
of urinary symptoms, and higher systemic levels may be required.

The use of sustained-release 17b-estradiol vaginal tablets (Vagifem, Novo
Nordisk) (Figure 5.8) has also been examined in postmenopausal women
with urgency and urge incontinence or urodynamic diagnosis of sensory
urgency or detrusor overactivity. Following a 6-month course of treatment,
the only significant difference between the active and placebo groups was
an improvement in the symptom of urgency in those women with a urody-
namic diagnosis of sensory urgency.64 A further double-blinded, random-
ized, placebo-controlled trial of vaginal 17b-estradiol vaginal tablets has
shown lower urinary tract symptoms of frequency, urgency, and urge and
stress incontinence to be significantly improved, although there was no
objective urodynamic assessment performed.65 In both of these studies, the
subjective improvement in symptoms may simply represent local estrogenic
effects reversing urogenital atrophy rather than a direct effect on bladder
function. 

To try and clarify the role of estrogen therapy in the management of
women with urge incontinence a meta-analysis of the use of estrogen in
women with symptoms of overactive bladder has been reported by the HUT
Committee (unpublished work). In a review of 10 randomized placebo-
controlled trials, estrogen was found to be superior to placebo when con-
sidering symptoms of urge incontinence, frequency, and nocturia, although
vaginal estrogen administration was found to be superior for symptoms of
urgency. In those patients taking estrogens, there was also a significant
increase in first sensation and bladder capacity compared with those taking
placebo.

In one study, the researchers recruited more than 27 347 postmenopausal
women, aged 50–79 years old, who were enrolled in the National Institutes
of Health-sponsored Women’s Health Initiative between 1993 and 1998.66
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The subjects were randomized based on hysterectomy status to receive
(following a 3-month ‘washout’ period) either (1) estrogen alone (5310
women); (2) estrogen plus progestin (8506 women), or (3) placebo (5429
women). 

Among the researchers’ findings at 1 year: 

● HRT in general increased the incidence of all types of urinary
incontinence (UI)

● the risk was highest for stress UI
● combination estrogen and progestin therapy had no effect on develop-

ing urge UI
● among women experiencing UI at baseline, frequency worsened for

subjects receiving estrogen alone as well as those receiving estrogen plus
progestin.

Based on their analysis, the researchers concluded that, at 1 year, MHT
with either estrogen alone or estrogen plus progestin increased the risk of
UI among continent women and worsened the symptoms of those with the
condition at baseline. Based on these findings, the authors recommend that
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Figure 5.8 Vagifem tablets, pack and applicator.
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clinicians should no longer prescribe long-term oral conjugated equine
estrogens for treatment of urge, stress, or mixed UI in postmenopausal
women aged 50 years old or older. However, whether topical estrogens
might prove beneficial remains unknown, especially on a short-term basis
and/or in combination with other therapies. 

Estrogens in the management of recurrent
urinary tract infection

Estrogen therapy has been shown to increase vaginal pH and reverse the
microbiologic changes that occur in the vagina following the menopause.67

Initial small, uncontrolled studies using oral or vaginal estrogens in the
treatment of recurrent urinary tract infection appeared to give promising
results68,69 although unfortunately this has not been supported by larger
randomized trials. 

Kjaergaard and colleagues70 compared vaginal estriol tablets with
placebo in 21 postmenopausal women over a 5-month period and found no
significant difference between the two groups. However, a subsequent ran-
domized, double-blind placebo-controlled study assessing the use of estriol
vaginal cream in 93 postmenopausal women during an 8-month period did
reveal a significant effect.71

Kirkengen et al randomized 40 postmenopausal women to receive either
placebo or oral estriol and found that although initially both groups had a
significantly decreased incidence of recurrent infections, after 12 weeks
estriol was shown to be significantly more effective.72 However, these find-
ings were not confirmed in a subsequent trial of 72 postmenopausal women
with recurrent urinary tract infections randomized to oral estriol or
placebo. Following a six-month treatment period and a further 6-month
follow-up, estriol was found to be no more effective than placebo.73

More recently, a randomized, open, parallel-group study assessing the use
of an estradiol-releasing silicone vaginal ring (Estring; Pharmacia and
Upjohn, Sweden) (Figure 5.9) in postmenopausal women with recurrent
infections has been performed, which showed the cumulative likelihood of
remaining infection free was 45% in the active group and 20% in the placebo
group.74 Estring was also shown to decrease the number of recurrences per
year and to prolong the interval between infection episodes.

Estrogens in the management of urogenital
atrophy

Symptoms of urogenital atrophy do not occur until the level of endogenous
estrogen is lower than that required to promote endometrial proliferation
(HUT Committee, unpublished work). Consequently, it is possible to use a
low dose of estrogen replacement therapy in order to alleviate urogenital
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symptoms while avoiding the risk of endometrial proliferation and remov-
ing the necessity of providing endometrial protection with progestogens.75

The dose of estradiol commonly used in systemic estrogen replacement is
usually 25–100 lg, although studies investigating the use of estrogens in the
management of urogenital symptoms have shown that 8–10 lg of vaginal
estradiol is effective.76 Thus, only 10–30% of the dose used to treat vaso-
motor symptoms may be effective in the management of urogenital symp-
toms. Since 10–25% of women receiving systemic HRT still experience the
symptoms of urogenital atrophy,77 low-dose local preparations may have an
additional beneficial effect (Table 5.4).

A recent review of estrogen therapy in the management of urogenital
atrophy has been performed by the HUT Committee.78 Ten randomized tri-
als and 54 uncontrolled series were examined from 1969 to 1995, assessing
24 different treatment regimens. Meta-analysis of 10 placebo-controlled
trials confirmed the significant effect of estrogens in the management of
urogenital atrophy. 
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Figure 5.9 Estring estradiol ring.

Table 5.4 Vaginal oestrogen preparations

Type of Oestrogen Mode of Administration

Oestriol Cream: Ovestin

Pessary: Orthogynest

Oestradiol Tablets: Vagifem

Ring: Estring

Conjugated Cream: Premarin
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The route of administration was assessed, and oral, vaginal, and par-
enteral (transcutaneous patches and subcutaneous implants) routes were
compared. Overall, the vaginal route of administration was found to corre-
late with better symptom relief, greater improvement in cytologic findings,
and higher serum estradiol levels.

With regard to the type of estrogen preparation, estradiol was found to
be most effective in reducing patient symptoms, although conjugated estro-
gens produced the most cytologic change and the greatest increase in serum
levels of estradiol and estrone. 

Finally, the effect of different dosages was examined. Low-dose vaginal
estradiol was found to be the most efficacious according to symptom relief,
although oral estriol was also effective. Estriol had no effect on the serum
levels of estradiol or estrone, whereas vaginal estriol had minimal effect.
Vaginal estradiol was found to have a small effect on serum estrogen,
although not as great as systemic preparations. In conclusion, it would
appear that estrogen is efficacious in the treatment of urogenital atrophy,
and low-dose vaginal preparations are as effective as systemic therapy.

More recently, the use of a continuous low-dose estradiol-releasing sili-
cone vaginal ring (Estring; Pharmacia and Upjohn, Sweden), releasing estra-
diol 5–10 lg over 24 hours, has been investigated in postmenopausal
women with symptomatic urogenital atrophy.74 There was a significant
effect on symptoms of vaginal dryness, pruritus vulvae, dyspareunia, and
urinary urgency, with improvement being reported in over 90% of women
in an uncontrolled study. The patient acceptability was high and while the
maturation of vaginal epithelium (Figure 5.10) was significantly improved,
there was no effect on endometrial proliferation. 

Conclusions

Estrogens are known to have an important physiologic effect on the female
lower genital tract throughout adult life, leading to symptomatic, histo-
logic, and functional changes. Urogenital atrophy is the manifestation of
estrogen withdrawal following the menopause, presenting with vaginal
and/or urinary symptoms. The use of estrogen replacement therapy has
been examined in the management of lower urinary tract symptoms as well
as in the treatment of urogenital atrophy, although only recently has it been
subjected to randomized placebo-controlled trials and meta-analysis.

Whereas estrogen therapy alone has been shown to have little effect in the
management of urodynamic stress incontinence, when considering the irri-
tative symptoms of urinary urgency, frequency, and urge incontinence,
estrogen therapy may be of benefit. However, this may simply represent
reversal of urogenital atrophy rather than a direct effect on the lower uri-
nary tract. The role of estrogen replacement therapy in the management of
women with recurrent lower urinary tract infection remains to be deter-

Estrogens and the urogenital tract 57

05 Chapter 1414  9/30/05  1:32 PM  Page 57



mined, although there is now some evidence that vaginal administration
may be efficacious. Finally, low-dose vaginal estrogens have been shown to
have a role in the treatment of urogenital atrophy in postmenopausal
women and would appear to be as effective as systemic preparations. 
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Introduction

Based on data from the Bureau of Census, postmenopausal women will
comprise 33% of the population in the year 2050 compared with 23% in
1995. Since incontinence and pelvic organ prolapse (POP) predominantly
affect perimenopausal and postmenopausal women, the numbers of women
affected with these conditions, as well as the demand for evaluation and
treatment, is projected to steadily increase.

Urinary incontinence (UI), or the unintentional loss of urine, is a problem
for more than 13 million Americans, 85% of them women.1,2 Despite its
widespread prevalence, UI is widely underdiagnosed and underreported. For
POP, the prevalence varies from 7 to 25%, with a women’s lifetime risk of
needing surgery for POP being reported as 11% by age 80. In this chapter, we
will confine ourselves to the diagnosis and evaluation of urinary incontinence
initially, and then discuss pelvic organ prolapse.

Types of urinary incontinence

The five most common subtypes of urinary incontinence are stress inconti-
nence, urge incontinence, mixed incontinence, overflow incontinence, and
functional incontinence. Stress incontinence is defined as an involuntary
loss of urine with any increase in intra-abdominal pressure (coughing,
laughing, sneezing, etc). It is commonly attributed to either loss of urethro-
vesical supports, i.e. urethral hypermobility, or a deficient urethral sphinc-
ter mechanism. Urge incontinence (overactive bladder) is defined as the
involuntary loss of urine associated with an urge to void. It is caused by
uninhibited detrusor contractions and is often accompanied by urinary fre-
quency and nocturia. Women who have both genuine stress incontinence
and overactive bladder are said to have mixed incontinence. For these
patients, it is helpful to identify the most bothersome symptom and treat
accordingly. Overflow incontinence is the involuntary loss of urine associ-
ated with incomplete bladder emptying. This type of incontinence may have
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a variety of presentations, including urinary frequency, constant dribbling,
and urge or stress incontinence symptoms. Overflow UI is either due to an
underactive or acontractile detrusor muscle, or due to bladder outlet
obstruction. It is important to recognize this condition early to prevent
hydronephrosis and renal damage. Overflow incontinence is more common
in men and is usually secondary to obstructive prostatic hypertrophy.
Functional incontinence is leakage of urine due to the inability of the
patient to reach the toilet on time. It is usually associated with chronic
impairment of physical or cognitive functioning.

Initial assessment of urinary incontinence

Purpose 

The purpose of the initial assessment is to:3

● establish a presumptive condition-specific diagnosis and exclude other
organ-specific conditions that require intervention

● assess the level of bother and the desire for intervention
● institute disease-specific therapy 
● identify patients who require further complex testing or specialist referral.

Components

Components of the initial assessment include obtaining a history, physical
examination, measurement of post-void residual volume, and urinalysis
(Figure 6.1).

History

Patients with urinary incontinence have endured this condition for a long
period of time and are often embarrassed to discuss it. Valuable informa-
tion that could otherwise be missed during a verbal history-taking can be
obtained by having patients fill out a structured questionnaire (Table 6.1).
These instruments should focus on assessing the type and severity of incon-
tinence as well as its impact on the patient’s life. Risk factors that are asso-
ciated with UI and POP should be identified and attempts must be made
to modify them. Table 6.2 lists the reversible causes of urinary inconti-
nence and their management. The medical history should also identify
such contributing factors as diabetes, stroke, lumbar disk disease, chronic
lung disease, fecal impaction, heart disease, glaucoma, obesity, and cogni-
tive impairment. The obstetric and gynecologic history should include
gravidity, parity, number of vaginal deliveries, instrument-assisted and
cesarean deliveries, pelvic surgeries (hysterectomy, incontinence pro-
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cedures, and reconstructive surgery), pelvic radiotherapy, trauma, and
estrogen status. 

Information on the patient’s profession/lifestyle, with specific enquiry
regarding chronic heavy lifting, nature of exercise, sexual activity, tobacco
use, daily fluid, caffeine, and alcohol intake, are also useful. A complete list
of all medications that the patient consumes is also essential. Antipsychotics,
anticholinergics, sedative hypnotics, calcium channel blockers, a-adrenergic
agonists and diuretics are some of the commonly used medications that could
cause urinary incontinence.

Bladder diaries are helpful supplements to history-taking in many
patients.4–6 These written records kept over a 24–48-hour period are help-
ful in determining urinary frequency, functional bladder capacity and fluid
intake as well as other factors associated with UI. These records also pro-
vide clues about the underlying cause/nature of UI, and are often helpful
in patient education and to instigate behavioral modification. They also
serve as a baseline to assess severity and treatment efficacy. A recent report
by Williams et al7 (ICS p 493) concluded that a large proportion of women
with urodynamic stress incontinence can be accurately diagnosed by
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Screening questionnaire
24 hour bladder diary

Cough stress test
Assess PVR

Urinalysis and culture
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Treat reversible
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Urge incontinence Overflow incontinenceSUI
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IncontinentContinent

Yes

No

Urinary incontinence

Figure 6.1 Evaluation and management algorithm for urinary incontinence. PVR � post-
void resiudal, SUI � stress urinary incontinence.

06 Chapter 1414  9/30/05  1:32 PM  Page 65



clinical history alone (sensitivity 0.92; specificity 0.56), and that the urinary
diary was the most cost-effective test to aid in the diagnosis in a primary care
setting. 

Physical examination

Physical examination should focus on the following: 

● The level of alertness and functional status. 
● Documentation of height and weight, since an elevated body mass

index is one of the risk factors for UI.
● Evidence of fluid overload, especially in patients with urinary frequency

and nocturia.
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Table 6.1 Sample questionnaire for the evaluation of urinary incontinence and prolapse

How long have you leaked urine?

Do you wear protection for incontinence? How many pads per day?

How many times do you urinate in a 24-hour period?

How many times do you wake up to urinate (each night)? 

Do you ever feel a strong sense of urgency to urinate?

Do you ever leak urine after a strong sense of urgency?

Do you have pain or burning when you urinate?

Is your urine ever bloody?

Do you lose urine accidentally with laughing, sneezing, exercising, coughing, lifting, or
standing up?

Do you find you’ve had leakage without being aware?

Do you feel that your bladder empties completely?

Do you ever strain or push to urinate?

Do you dribble urine after urinating?

Do you have to lean over or stand to urinate?

Do you wait a long time before the urine comes out?

Do you have a sense of your pelvic organs ‘falling out’?

Do you notice anything protruding from the vagina?

Do you have difficulty with your bowel movements?

Do you have to splint the vagina or perineum to evacuate your bowels or bladder? 

Are you incontinent of stool?
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● Presence of intra-abdominal or pelvic masses and tenderness.
● A neurological examination to rule out multiple sclerosis and spinal

cord compression. Specific emphasis should be placed on assessing the
sacral nerve roots. This includes checking: deep tendon reflexes at the
knee and ankle; lower extremity strength, abduction and dorsiflexion
at the toes (S3); sensory innervation of the labia minora (L1–L2); sole
and lateral aspect of the foot (S1); posterior aspect of thigh (S2); per-
ineum (S3); and the bulbocavernosus and clitoral sacral reflexes (Figure
6.2). Abnormal findings such as deep tendon hyperreflexia or absence
of the bulbocavernosus reflex should alert the physician to possible
underlying neurologic lesions contributing to urinary incontinence.

● Pelvic examination should look for evidence of vaginal atrophy. The
most common signs of inadequate estrogen levels are thinning and pale-
ness of the vaginal epithelium, loss of rugae, disappearance of the labia
minora, and presence of a urethral caruncle. A urethral diverticulum
usually presents as a mass on the distal anterior vaginal wall. Gentle
massage of this mass may produce a purulent discharge from the urethral
meatus. 

A bimanual examination is performed to assess the size, shape, and posi-
tion of the uterus. A large uterus directly over the bladder or incarcerated
in the pelvis could cause or exacerbate urinary urgency, frequency, stress
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Table 6.2 Transient (reversible) conditions that cause or contribute to urinary
incontinence

Condition or finding Management

Detectable by history
Drug side-effects Discontinue or change medication, if possible 
Delirium or hypoxia Treat underlying cause
Recent prostatectomy Behavioral therapy
Excessive fluid intake Reduction of fluid intake
Impaired mobility Physical therapy or environmental changes (bedside

commode

Detectable by physical examination
Atrophic vaginitis Estrogen therapy 
Fecal impaction Disimpaction and stool softeners
Venous insufficiency and edema Leg elevation, stockings, sodium restriction

Detectable by urinalysis
Urinary tract infection Antibiotic therapy 
Glycosuria Control diabetes
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incontinence, and at times could cause bladder outlet obstruction. While
performing the bimanual examination, levator ani muscle function can be
evaluated by asking the patient to tighten around a finger placed in the
vagina and to hold the contraction as long as possible. Very weak or absent
voluntary levator ani muscle contractions are an indication that biofeed-
back training sessions with a pelvic floor physical therapist may be necessary.
A rectal examination is then done to check anal sphincter tone and to look
for fecal impaction and the presence of occult blood or rectal lesions. 

In all women with UI a detailed examination should be done to identify
associated pelvic organ prolapse. This examination is described in detail
later in this chapter.

Q TIP TEST

This is a test designed to assess urethral hypermobility, and it can be done
by either a visual examination, with a Q tip, which is commonly employed
technique, by ultrasound, bead chain cystourethrography, or videocysto-
urethrography. To perform this test, the patient is placed in the dorsal litho-
tomy position, and hypermobility is measured by placing a lubricated,
sterile, cotton-tipped applicator into the urethra at the level of the ure-
throvesical junction. The resting angle is documented and then the patient
is asked to strain down. This allows the tail of the applicator to transcribe
an arc, which is then measured with a goniometer. Urethral hypermobility
is defined by a maximal strain axis greater than �30�. This test does not
distinguish women with stress incontinence from continent subjects and
these days is used primarily to evaluate the results of incontinence surgery
or to determine whether the degree of urethral hypermobility may influence
surgical outcomes.8
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Figure 6.2 (a) Bulbocavernosus and (b) clitoral sacral reflexes. Lightly tapping the clitoris
or brushing the labia majora should produce a reflex contraction of the external anal
sphincter muscle.

(a) (b)
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Estimation of postvoid residual post-void residual volume

As part of the basic evaluation, the PVR volume should be estimated in all
patients to diagnose urinary retention. Prior to starting the examination, the
patient is asked to void and the amount is measured. The PVR volume is then
measured either by catheterization or with an ultrasound. In general, PVR
volumes of less than 50 ml are considered adequate bladder emptying.
Repetitive PVR volumes over 100 ml are considered inadequate emptying and
require further evaluation, including urodynamic testing.2 Measurements
made using a portable ultrasound have been found to be 84–95% accurate.9,10

Urinalysis

Urinalysis is used to detect conditions that are associated with or contribut-
ing to UI, such as hematuria (suggestive of infection, cancer, or stone), glyco-
suria (which may cause polyuria and contribute to UI symptoms), pyuria and
bacteriuria, as well as proteinuria. If catheterization is performed for PVR
volume measurement, a sample of the residual urine can be used for the
urinalysis and microscopic examination. The value of urinalysis in the evalu-
ation of urinary incontinence is illustrated by the fact that 60% of women
with a stable bladder will develop detrusor overactivity during a urinary tract
infection. The clinical relevance of asymptomatic bacteriuria without
pyuria and vice versa is controversial and many suggest treatment of neither
condition.11,12

Office tests for the evaluation of urinary
incontinence

Cough stress test

After filling the bladder to 300 ml using a catheter, the patient is asked to
cough once vigorously after the catheter is removed. The urethra is observed
for leakage of urine. If an instantaneous leakage occurs with cough, then
stress urinary incontinence (SUI) is likely; if leakage is delayed or persists
after the cough, detrusor overactivity should be suspected. The test is ini-
tially performed in the lithotomy position and, if leakage is not observed, it
should be repeated in the upright position. Often a series of coughs is
required to demonstrate incontinence. Women who demonstrate urine leak-
age in the supine position with a relatively empty bladder (immediately after
voiding and confirmation of adequate bladder emptying) are at increased
risk of having intrinsic sphincter deficiency.13

In women with significant pelvic organ prolapse, testing for potential SUI
is advocated. Potential incontinence is occult incontinence, which is mani-
fested only upon reduction of the prolapse. In these women, incontinence
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remains occult as a result of kinking of the urethra while the prolapse pro-
trudes through the vagina. To unmask this condition, the prolapse is
reduced either manually, or with a pessary or large Q tips, and a cough
stress test is performed as described earlier. Studies have shown that, with
the prolapse reduced, incontinence can occur in 30–50% of patients with
advanced prolapse.

Pad test

The objective of this test is to document the volume of urine loss using a per-
ineal pad, before and after some type of leakage provocation. A 1-hour pad
test is typically conducted. Generally, the test begins with the woman empty-
ing her bladder and then drinking a known amount of water, typically 500
ml. Alternatively, the bladder can be filled with a set amount or to maximum
capacity. The pad is weighed after 1 hour of activity for a short-term pad test
conducted in the office, or after 24–48 hours during the long-term pad test
conducted at home. A pad weight gain of �1 g during 1 hour, or �4 g dur-
ing 24 hours is considered positive. Controversy exists regarding the repro-
ducibility and validity of these tests.14,15 A specific use for the pad test is when
the clinician is unsure if the symptoms of incontinence are a result of urine
loss or secondary to vaginal secretions or sweating. By giving the woman
phenazopyridine hydrochloride (Pyridium) to turn her urine orange, a pad
test can confirm urine loss.

Urodynamic testing

These specialized tests are indicated in patients with mixed incontinence,
complex or unclear etiology of IU, recurrent incontinence, neurogenic
bladder, or a history of previous pelvic surgery. Urodynamic testing is
discussed in Chapter 00.

Other tests

Blood testing – blood urea nitrogen (BUN), creatinine, glucose, and calcium
– is recommended if compromised renal function is suspected or if polyuria
(in the absence of diuretics) is present. Urine cytology is not recommended
in the routine evaluation of the incontinent patient. 

Diagnostic evaluation in patients with prolapse

Most elements of the history prolapse are similar to those described earlier
in the section on urinary incontinence (see Table 6.1). Symptoms of pro-
lapse are not specific to different compartments but may reflect the overall
stage of prolapse at its most advanced site. Women may find that they are
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unable to wear tampons and often complain of a sense of pressure and
heaviness. A palpable bulge is usually reported after the prolapse extends
beyond the genital hiatus. Although, back pain has been considered a clas-
sic symptom of prolapse, a recent study has shown that women with more
advanced prolapse actually had less back pain than women with mild pro-
lapse.16 Women with prolapse often have urinary symptoms, including sen-
sory urgency, incontinence, or symptoms of urethral obstruction (hesitancy,
frequency, and incomplete emptying). In one study, urethral obstruction
occurred in 58% of women with grade 3 and 4 anterior vaginal prolapse,
compared with 4% in women with grade 1 and 2 prolapse.17 As prolapse
advances, women are less likely to have stress incontinence and more likely
to manually reduce prolapse to void. Defecatory symptoms such as exces-
sive straining, incomplete rectal emptying, or the need for perineal or vagi-
nal pressure to accomplish defecation should be sought in all women with
prolapse. In addition, the influence of prolapse on sexual functioning
should be addressed in women of all ages.18

Traditionally, assessments of POP were performed in the supine position.
However, the pelvic supports that hold the pelvic organs in place were
designed to function in the standing position; this is the orientation in which
the pelvic organ supports must be evaluated. A site-specific assessment of
pelvic floor defects is recommended in the lithotomy position as well as with
the patient standing. It is crucial to have the patient maximally straining
while these measurements are being taken. All measurements are made using
the hymen as the reference mark. Initially, a double-bladed speculum is used
to assess the cervix or the vaginal apex. The blades of the speculum are then
separated and the posterior blade is used to depress the posterior vaginal
wall while assessing defects in the anterior compartment. The blade is
removed and repositioned to retract the anterior vaginal wall while assess-
ing the posterior compartment. Special attention should be given to the size
of the genital hiatus, since women with larger genital openings could have
difficulty retaining a pessary. 

Historically, prolapse was graded using a variety of imprecise classifica-
tion systems that were not easily reproduced or communicated in a stan-
dard way among clinicians. The older classification systems included the
Baden and Walker19 halfway system and the revised New York
Classification (NYC) system. Since its introduction in 1996 and adoption
by the Society of Gynecologic Surgeons, American Urogynecologic Society,
and International Continence Society, the Pelvic Organ Prolapse
Quantification (POPQ) system has become the most common standardized
grading system used in the medical literature.20 It has proven inter- and
intraobserver reliability.21 This grading system involves quantitative meas-
urements of various points representing anterior, apical, posterior, and
basal vaginal prolapse to create a ‘9 point topographic’ map of the vagina.
The fixed point of reference for all POPQ measurements is the hymen.
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These anatomic points can then be used to determine the stage of the
prolapse. 

Measurements 

Two points are located on the anterior vaginal wall:

● Point Aa is located at the midline of the anterior vaginal wall, 3 cm
proximal to the external urethral meatus. It corresponds approximately
to the urethrovesical junction and may be located anywhere from �3
to �3 cm from the hymen, depending upon the extent of anterior wall
prolapse.

● Point Ba is the most distal position of any part of the upper anterior
vaginal wall from the vaginal cuff or anterior vaginal fornix to point
Aa. 

Two points are located in the superior vagina:

● Point C is the most distal (i.e. most dependent) edge of the cervix or the
leading edge of the vaginal cuff after hysterectomy.

● Point D is the deepest point of the posterior fornix in a woman who still
has a cervix. It is usually located where the uterosacral ligaments attach
to the posterior cervix. Measuring this point distinguishes between sus-
pensory failure of the uterosacral-cardinal ligament complex and cervical
elongation: if point C is significantly more positive than point D (e.g.
greater than 4 cm), the cervix is elongated.

Two points are measured on the posterior vaginal wall, analogous to the
two points on the anterior wall:

● Point Ap is located in the midline of the posterior vaginal wall, 3 cm
proximal to the hymen. This point ranges from �3 in a normal woman
to �3 when there is complete vaginal prolapse.

● Point Bp is the most distal (i.e. most dependent) position of any part of
the upper posterior vaginal wall from the vaginal cuff or posterior
vaginal fornix to point Ap. 

Three additional measurements are:

● The genital hiatus (GH) is measured from the middle of the external ure-
thral meatus to the posterior midline hymen. If the location of the hymen
is obscured by a band of skin (usually from surgery or episiotomy repair),
the firm tissue of the perineal body is the posterior margin of this
measurement.
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● The perineal body (PB) is measured from the posterior margin of the
genital hiatus to the midanal opening.

● The total vaginal length (TVL) is measured as the greatest depth of the
vagina when point C or D is reduced completely to its normal position.

All measurements are expressed in centimeters and can be marked on line
diagrams or a tic-tac-toe grid (Figure 6.3) or recorded individually.

There are five stages of pelvic organ support (0 through IV) as follows:

● Stage 0: no prolapse is demonstrated. 
● Stage I: the criteria for stage 0 are not met, but the most distal portion

of the prolapse is �1 cm above the level of the hymen. 
● Stage II: the most distal portion of the prolapse is �1 cm proximal to

or distal to the plane of the hymen (i.e. its quantitation value ��1 cm
but ��1 cm).

● Stage III: the most distal portion of the prolapse is �1 cm below the
plane of the hymen but protrudes no further than 2 cm less than the
total vaginal length in centimeters (i.e. its quantitation value is ��1 cm
but 	 �[TVL�2] cm).
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Figure 6.3 Diagrammatic representation of the pelvic organ prolapse quantitation system
for staging prolapse by physical examination findings, showing the 6 sites (points Aa and
Ba anteriorly, points Ap and Bp posteriorly, point C for the cervix or apex, and point D
for the cul-de-sac), genital hiatus (gh), perineal body (pb), and total vaginal length (tvl) used
for pelvic organ prolapse quantitation. (Reproduced with permission from Weber and
Richter.22)
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● Stage IV: essentially, complete eversion of the total length of the vagina.
The distal portion of the prolapse protrudes to at least (TVL�2) cm
(i.e., its quantitation value is greater or equal to �[TVL�2] cm).

Pelvic floor muscle function should be assessed in all women.23 The levators
can be palpated at 4 and 8 o’clock positions a few centimeters internal to
the hymen. The resting and squeeze tone, and the strength, duration, and
symmetry of the squeeze should be recorded. Women who are unable to
generate an adequate squeeze may benefit from supervised instruction and
physical therapy.

Supplemental physical examination techniques for
evaluating prolapse

These techniques are essential for adequate assessment of prolapse and may
be helpful in preoperative planning. They include: 

1. Digital rectovaginal examination while the patient is straining to
differentiate between a high rectocele and an enterocele.

2. Digital assessment of the contents of the rectovaginal septum to dif-
ferentiate between a ‘traction’ enterocele (the posterior cul-de-sac is
pulled down with the prolapsing cervix or vaginal cuff but is not dis-
tended by intestines) and a ‘pulsion’ enterocele (the intestinal contents
of the enterocele distend the rectal–vaginal septum and produce a
protruding mass)

3. Measurements of perineal descent.
4. Measurements of the transverse diameter of the genital hiatus or of the

protruding prolapse.
5. Measurements of vaginal volume.
6. Description and measurement of rectal prolapse.
7. Examination techniques for differentiating between various types of

defects: e.g. central (Figure 6.4) vs paravaginal (Figure 6.5) defects of
the anterior vaginal wall).

Ancillary tests for pelvic organ prolapse

These POP tests are not routinely recommended but may be helpful in some
patients to provide a better understanding of the prolapse. 

Endoscopy

Cystoscopy and sigmoidoscopy may play a role in the evaluation of POP.
For example, cystoscopic observation of peristalsis under the bladder
trigone can identify an anterior enterocele. Sigmoidoscopy may help to
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Figure 6.4 The examiner checks for a central defect by inserting the posterior speculum
blade, placing the tips of an opened ring forceps against the lateral vaginal wall (one against
each ischial spine), and asking the patient to strain. If the anterior wall descends, a central
defect is present. (Reproduced with permission from Julian.24)

Figure 6.5 The examiner checks for a paravaginal defect by placing the shaft of the closed
ring forceps directly under the vertical midline of the anterior vaginal wall and asking the
patient to strain. If the anterior vaginal wall descends, a paravaginal defect is present.
(Reproduced with permission from Julian.24)
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delineate how much of a posterior vaginal wall prolapse is rectosigmoid
as opposed to small intestine.

Photography

If prolapse is stage II or greater, photographs that include a centimeter tape
as a frame of reference can help objectively document presurgical findings
or serial changes in an individual patient.

Imaging

Although imaging techniques have been used to visualize pelvic floor support
defects, the lack of standardization and validation of these modalities limit
their usefulness. Ultrasonography allows real-time observation of dynamic
events such as bladder neck descent during cough. Lately, three-dimensional
ultrasound is being used more commonly to describe pelvic floor anatomy
and function and offers advantages due to ease of performance.25 Contrast
radiography illustrates mechanisms of micturition and defecation. Magnetic
resonance imaging (MRI) is a promising research tool for studying pelvic
floor anatomy and pathophysiology.26

Pelvic floor muscle testing

Instrumental testing may be performed, but none of these techniques has
proven clinical applicability in the assessment of POP. Electromyography with
needle electrodes permits visualization of individual motor unit action
potentials; surface electrodes detect the activity of groups of motor units. 
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Introduction

The mainstay of any evaluation in medicine, including that of the ano-
rectum, is a detailed history and physical examination. Various diagnostic
and physiologic tests are available in assisting the surgeon in determining a
diagnosis (Figure 7.1). 

Most patients with anorectal complaints attribute them to ‘hemorrhoids’.
Often this diagnosis can be ruled in or ruled out by a detailed history and
physical examination. Although most anorectal conditions are benign, may
be successfully treated by primary care practitioners, and do not require
surgical treatment, a high index of suspicion for colorectal cancer should be
maintained, and all patients should be appropriately investigated.

History

The combination of the chief complaint and the history of present illness is
usually enough information to diagnose most anorectal disorders. A
carefully taken history usually establishes the diagnosis or at least suggests
it (Table 7.1).

Bleeding

Rectal bleeding can be a sign of many different problems, with a prevalence
of 14–19% in adults.2 Bright red blood may be seen only on toilet paper or
in the toilet bowl after a bowel movement. This is usually from hemor-
rhoids or an anal fissure. The distinguish factor is that an anal fissure causes
a painful bowel movement, whereas hemorrhoids do not. Bright red rectal
bleeding that drips into the bowl, streaks the stool and is usually internal
hemorrhoids. Blood on the toilet tissue associated with painful bowel
movement is frequently anal fissure. This can be easily diagnosed by direct
examination (Table 7.2).

Chapter 7

Colorectal evaluation
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Blood in the stool may also indicate inflammation of colon or rectum
such as with inflammatory bowel disease (IBD). Often IBD will present
with other symptoms, including diarrhea, cramping, abdominal pain,
urgency, and tenesmus. Colitis or proctitis may be caused by an infection or
may be idiopathic, as in the case of IBD. Blood with mucus or discharge is
found in patients with IBD and carcinoma. In almost all patients with rectal
bleeding who are 25–30 years old or older further endoscopic evaluations
should be performed. Indications for further investigation in younger
patients include significant family history of IBD or cancer, nonresolution
of the bleeding after treatment of the condition that is presumed to be the
source of bleeding, or bleeding not concomitant with an anorectal source.
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Chief complaint

      Endoscopy
• Flex sig
• Colonoscopy

     Radiological tests
• CT scan
• MRI
• Anorectal ultrasound
• Anorectal physiology
    Anal manometry
    EMG/PNTML
    Defecography

• Masses
• Polyps
• Ulcerative colitis
• Crohn’s disease
• Diverticulae

• Jackknife position
• Lateral decubitus

      Anoscopy
• Fissure
• Hemorrhoid grade
• Dentate line
• Anal papillae

      Inspection
• Abscess
• Fissure
• Prolapse
• Fistula
• Mucous discharge
• Pilonidal disease

             Palpation
• Masses
• Protate gland
• Resting/squeezing pressure
• Tenderness
• Cervix, retroverted uterus

History

Physical exam

Figure 7.1 Algorithm for colorectal evaluation.
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Pain

Anorectal pain is caused by a wide variety of pathologies; a complete his-
tory and physical evaluation will help to narrow the differential diagnosis
(Table 7.3). Anal abscesses and fissures commonly cause anorectal pain.4

Abscesses just under the skin can be identified by swollen, red, tender, areas.
Abscesses deeper to the rectum often cause fewer signs but may produce
fever and pain in the lower abdomen. Difficulty with bowel evacuation may
occur with severe cases of abscesses. Anal fissures are commonly caused by
passage of a large, hard stool. This passage is associated with pain, usually
described as burning, cutting, or tearing during and after bowel movement.
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Table 7.1 Establishing a diagnosis 

Chief complaint History of present illness

Rectal bleeding Painful, non-painful, associated with BMs

Anorectal pain Swelling/non-swelling/associated with BMs

Mass/perianal swelling IBD, prior abscess

Altered bowel habits Change in consistency, shape, size and frequency

Constipation

Diarrhea

Pruritus Ani

BMs � bowel movements, IBD � inflammatory bowel disease.
Data from Reference 1.

Table 7.2 Causes of rectal bleeding

Bright red rectal bleeding Occult blood

Hemorrhoids Gastritis

Diverticulosis Gastric ulcer

Ulcerative colitis Gastric carcinoma

Infectious colitis Esophageal varices

Polyps Esophageal tumors

Carcinoma Duodenal ulcer

Ischemic colitis Polyps

Fissure Carcinoma

Data from References 2 and 3.
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A patient with a thrombosed external hemorrhoid may present with com-
plaints of an acutely painful mass external to the anal opening. The pain
usually peaks 48–72 hours after the thrombosis develops, and the symp-
toms often improve following this as the thrombus dissipates. Sharp rectal
pain described by the patient as a spasm is more consistent with proctalgia
fugax. Left lower quadrant abdominal pain accompanying hematochezia or
diarrhea may be due to IBD, ischemic colitis, or cancer. The use of radio-
graphic imaging and colonoscopy may help elucidate the cause. When
obstructive symptoms are present, a neoplasm should be considered. When
associated with abdominal distention, a volvulus could also be considered
but should be easily recognizable on routine abdominal X-rays. 

Masses

Perianal masses are common and represent abscesses, hemorrhoids, anal
condyloma, and occasionally a neoplasm. Complete assessment, including a
detailed history, inspection, palpation, and anoscopy should be performed.
Biopsy, sigmoidoscopy or colonoscopy, may be needed to define the exact
nature of the mass.

Pruritus ani

Pruritus ani is a very common symptom and is associated with a wide
range of mechanical, dermatologic, infectious, systemic, and other condi-
tions. When pruritus ani becomes chronic, the perianal area becomes
lichenified and appears white with fine fissures. Excessive cleaning, and
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Table 7.3 Causes of anorectal pain

Anal fissures

Thrombosed external hemorrhoids

Anorectal abscess

Foreign body

Fecal impaction

Neoplasm

Myopathy

Proctalgia fugax

Colonic endometriosis

Prostatitis

Data from Reference 4.
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particularly the use of brushes and caustic soaps, aggravates the sensitive
tissues and exacerbates the condition. Although older texts emphasized
parasitic infestation, this is a rare cause of pruritus ani except for pinworms
(Enterobius vermicularis) in children. 

Fecal impaction

This condition is most commonly seen in those who are inactive or on
prolonged bedrest due to surgery, accident, or illness. The elderly in nurs-
ing homes and those with chronic constipation are especially at risk.
Medications such as narcotics predispose to this problem, and it is a com-
mon complication of anorectal procedures as a result of reflex spasm of the
anal sphincter. The patient may present with acute abdominal pain or chronic
large-bowel obstruction. Paradoxically, patients may have incontinence
with diarrhea secondary to a ball valve effect of the fecal bolus. Rectal
examination reveals hard, bulky stool in the rectal vault.

Fecal incontinence

Fecal incontinence is the loss of anal sphincter control, leading to the
unwanted or untimely release of feces or gas. A thorough history – includ-
ing duration of fecal incontinence, type of incontinence, frequency of incon-
tinent episodes – and type of stool, impact of the disorder on the patient’s
life, and history of associated trauma or surgery should be obtained.5

Specific obstetric history should be obtained, including the use of forceps,
tears, and episiotomies associated with vaginal deliveries. Review medica-
tions and dietary habits to determine if an easily remedied cause exists. An
incontinence score can be used to assess the severity of incontinence and to
monitor the results of treatment.6 A review of systems for systemic medical
conditions that contribute to fecal incontinence is important. Asking the
patient to keep a diary of the time and frequency of incontinent episodes
may be helpful.6

Anorectal examination

Anorectal evaluation consists of inspection, palpation, and anoscopic
examination, and it can be performed in the prone jackknife or left lateral
(Sims) position (Figure 7.2). The knee chest position is another type of posi-
tion not usually used. The jackknife position provides the best exposure of
the perineum. At Cleveland Clinic Florida (CCF), we examine patients in
the prone jackknife position on a Ritter table.
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Inspection

The gluteus muscle or buttocks must be spread to provide adequate visual-
ization of the anus. If necessary, the patient can assist by raising the right
gluteal area with the right hand to better expose the perianal area. One
should look at the perianal skin and anal verge, which can reveal fissures,
fistulae, per anal dermatitis, masses, thrombosed hemorrhoids, condyloma,
and other growths. The perianal skin is also examined for any skin changes
concomitant with leakage or incontinence. Maneuvers that simulate defe-
cation can identify perineal descent or prolapse. If a full-thickness rectal
prolapse is suspected but cannot be reproduced in the prone jackknife
position, examination while straining on the toilet bowl can demonstrate
the rectal prolapse.
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Figure 7.2 Anorectal examination positions: (a) prone (jackknife) position and (b) left
lateral (Sims) position.

(a)

(b)
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Palpation

Unless the patient is experiencing extreme pain, a digital examination
should always be performed. Digital examination is always performed with
a lubricated gloved index finger. In males, the prostate should be palpated
in addition to digital assessment of the anal canal, and in woman, a bi-
digital examination of the rectovaginal (RV) septum is also performed. The
finger sweep must include all 360� around the anal canal and distal rectum;
any palpable mass must be evaluated further. Because of the redundant
mucosa, small rectal tumors may not be visualized with an anoscope but
can often be detected by palpation.

The resting pressure should be noted and then the patient should be
asked to squeeze. This will provide further information about the integrity
of the external sphincter and puborectalis muscle.

Anoscopy

Anoscopy is the final step in the initial office examination, and it permits
evaluation of the anal canal. Many types of anoscopes are available but the
most common used at CCF is the Barr–Shuford (Figure 7.3). A lubricant is
applied to the entire instrument, and it should be inserted gently. The intro-
ducer is removed and one-quarter of the mucosa is visualized as the
anoscope is slowly removed. The instrument is then rotated 90� and rein-
serted. This is done four times to visualize the entire circumference of the
anal canal. Anoscopes may also allow visualization of distal rectal mucosa.

Flexible sigmoidoscopy

Flexible sigmoidoscopy is an important diagnostic screening procedure
because its ability to visualize the rectum and distal colon. The 60-cm flex-
ible sigmoidoscope provides excellent visualization with minimal discom-
fort to patients, compared to the rigid sigmoidoscopy, which it is
uncomfortable, shorter, and less rewarding. Sigmoidoscopy can identify
55% of colorectal cancers as they are within the length of the sigmoido-
scope.7 Flexible sigmoidoscopy is indicated for screening for colorectal
carcinomas or polyps, but mostly to evaluate anorectal complaints in the
office.8 Complete colonic evaluation is accomplished via colonoscopy.

Approach

Preparations before flexible sigmoidoscopy consist of a 2 Fleet™ enemas
before examination.9 The patient is placed on the examination table in the
left lateral position with knees drawn to the chest or in the prone jack-
knife position. After the digital examination, the lubricated flexible
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sigmoidoscope is introduced into the rectum, where it is advanced under
direct vision, keeping the lumen in view at all times. The scope should not
be advanced against resistance. Overdistention of the bowel with air should
be avoided, because it produces discomfort to the patient and makes intu-
bation more difficult. The colon is best inspected as the scope is withdrawn
after full advancement. At this time, the lumen and folds of the colon
should be examined for pathology. Once the scope has been withdrawn to
the level of the rectum, it should be retroflexed to look down; also known
as the J maneuver, this provides an opportunity to view the distal area of the
rectum, which is difficult to observe during insertion.10 Flexible sigmoido-
scopy is a safe procedure, with very low percentage of complication.11

Perforation of the colon is rare; in a series by Marks and associates, one
perforation occurred in 1012 examinations.12
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Figure 7.3 Different types and sizes of anoscopes with obturators are useful for evaluation
of the anal canal and may be inserted before examination with the flexible sigmoidoscope:
(a) Hirschman 2.5 inch (5.7 cm); (b) Mod Martin 22 � 75 mm; (c) Bensuade 22 mm; and
(d) Barr–Shuford 4.5 inch (11.4 cm).The most frequently used anoscope at the Cleveland
Clinic Florida is the Barr–Shuford 4.5 inch (11.4 cm).

(a) (b)

(c) (d)
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Radiologic evaluation

Computed tomography

Computed tomography (CT) has also proved disappointing. The exact site
of pathology in relation to the levators on axial CT scans can only be
inferred indirectly through the relation of any abnormality to the piriformis
and coccygeus muscles. The levators are not well identified, and sphincter
resolution is poor. Coronal imaging is rarely possible and there are many
pitfalls in interpretation of the images. The value of CT in the initial work-
up of anorectal disorders is limited.13 However, CT is helpful in defining the
extent of rectocecal tumors or cysts and may offer information regarding
processes in the perirectal fat, adjacent organs, and the pelvis.

Magnetic resonance imaging

Patients with deep anorectal abscess may be better studied with magnetic res-
onance imaging (MRI). Accuracy of MRI is higher than digital examination
in determining the presence of ischiorectal or pelvirectal abscess, particularly
when they occur at the same time. The sensitivity and specificity for detecting
fistula tracts were 100% and 86%, respectively; abscesses, 96% and 97%,
respectively; horseshoe fistulas, 100% and 100%, respectively; and internal
openings, 96% and 90%, respectively. Magnetic resonance imaging is accu-
rate for detecting anal fistulas and provides important additional information
in patients with Crohn’s disease-related and recurrent anal fistulas.12 MRI
and hydrogen peroxide-enhanced three-dimensional endoanal ultrasound
have good agreement for classification of the primary fistula tract and the
location of an internal opening and they are both reliable methods for
preoperative evaluation.13 Compared with endoanal ultrasound, endoanal
MRI more accurately allows depiction and classification of fistulas.14

Endoanal ultrasound

Endoanal ultrasound can be applied in the management of fecal inconti-
nence, rectal tumors, and inflammatory perianal conditions. In fecal incon-
tinence, anal ultrasound will confirm the presence or absence of sphincter
defects and is also important to diagnose complex anorectal abscesses and
fistula (Figure 7.4). In the detection and staging of rectal cancer, transrectal
ultrasound (TRUS) is an important tool, since it enables the distinction of
various layers of rectal wall.15 Men may be examined in the left lateral posi-
tion, but women always should be examined in the prone position, because
better views of the perineum are obtained.16 With the TRUS, rectal tumors
can be staged according to the TNM classification (Table 7.4). The accuracy
of TRUS ranges between 67% and 93%.17,18
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Table 7.4 Transrectal ultrasound staging system

Level Description

T1 Tumors confined to the mucosa and submucosa

T2 Tumors invading the proper muscle layer, but confined to rectal wall

T3 Tumors penetrating the perirectal fat

T4 Invasion into adjacent organs

N0 No lymph node metastases

N1 Lymph node metastases

Upper anal canal

IAS

EAS

PR

LA

Mid anal canal

Lower anal canal

Figure 7.4 Anal ultrasound showing (a) normal architecture of the anal canal and (b) EAS,
IAS defect in the anterior quadrant.
EAS � external anal sphincter, IAS � internal anal sphincter, PR � puborectalis.

(a)

(b)

07 Chapter 1414  9/30/05  1:34 PM  Page 88



Physiologic examinations

Anal continence and bowel evacuation is a complicated evaluation in
which there is no single test that can provide a full detailed description.
Anal manometry, defecography, and electromyography (EMG) are used in
conjunction to evaluate anorectal functions, especially in patients suffering
from fecal incontinence, constipation, and pelvic floor disorders.

Anal manometry

The purpose of anal manometry is to evaluate the integrated function of the
defecation unit, including its motor and sensory function. Anorectal
manometry can define functional weakness of one or both sphincter muscles
by providing information on resting pressure, squeezing pressure, high-
pressure zone (HPZ), and rectoanal inhibitory relfex (RAIR). Multichannel
catheters can be used to assess the entire length of the anal canal in all direc-
tions. Anal manometry is recognized to be the least accurate and helpful of
the physiologic tests. It is complimentary in the assessment of sphincter
injury and failed overlapping sphincteroplasty.19,20

Electromyography and pudendal nerve terminal motor
latency

Anorectal EMGs consist of measurements of pudendal nerve terminal motor
latency (PNTML), assessing the conduction time in the pudendal nerve from
Alcock’s canal to the end organ in the external sphincter. Findings reflect the
myelin function of the peripheral nerve, and the test allows for the evalua-
tion of pelvic floor neuromuscular integrity. The pudendal nerve is stimu-
lated at the ischial spine transanally. The latency period between stimulation
of the nerve and evoked response of the muscle is measured. Any damage to
the neuromuscular unit results in the prolongation of the latency. Normal
latency has been described as 2 ms (� 0.2 ms). Prolonged times suggest
injury to the large fast-conducting fibers.21 Abnormal findings after EMG
evaluation are present in more than 90% of patients with fecal incontinence.
Ryhammer and colleagues evaluated the long-term effects of vaginal delivery
on anorectal function and found that PNTML increased with parity.22

Prolonged latencies may be associated with obstetric injury, prolapse,
perineal descent, and neuropathies. Pudendal neuropathy is observed in
70% of patient with fecal incontinence, and over 50% of patients with
sphincter injury.23
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Cinedefecography

Cinedefecography provides pelvic dynamic measurements during evacua-
tion, and consequently provides enough information for the diagnosis of
functional disorders such as paradoxical puborectalis contraction and
excessive perineal descent, and also assesses anatomic abnormalities such as
rectocele, enterocele, and rectoanal intussusception. Cinedefecography is a
very helpful tool that can also evaluate rectal emptying, which may help to
differentiate an anatomic finding from a physiologic disorder.24
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Introduction

Urodynamic investigation is a functional assessment of the lower urinary
tract to provide an objective pathophysiologic explanation for the symp-
toms and dysfunction of the urinary tract. Urodynamic studies comprise a
series of tests, and the appropriate test should be selected and performed in
an attempt to answer a question on the target function to be evaluated. The
information provided by urodynamic studies may be useful in establishing
the etiology of the dysfunction and may help in selecting the most appro-
priate intervention. Prior to urodynamic investigation, a medical history,
physical examination, and voiding diary should be obtained, as such infor-
mation is necessary in order to select the appropriate studies and anticipate
which events might take place during the urodynamic investigation.
Unfortunately, urodynamic testing is not a set of laboratory values like
blood chemistry values, but rather a physiologic testing that may be
affected by several factors. Presence of the clinician during the studies is
essential for successful interpretation of findings.

Uroflowmetry

Uroflowmetry is the measurement of the rate of urine flow over time. It is
the most commonly used form of urodynamic studies and performed as an
initial screening test when voiding dysfunction is suspected. The results may
then prompt further investigations. Uroflowmetry is performed by having
the patient void on a special commode that funnels the urine onto a device
that measures the volume voided over time. There are various measurement
techniques used by the uroflowmeters such as the rotating disk method,
electronic dip, weight transducers, and graphimetric method. The rotating
disk method is the most common method; the voided volume is directed
onto a rotating disk and the amount landing on the disk produces a pro-
portionate increase in its inertia. The power required to keep the disk rotat-
ing at a constant rate is measured, thus allowing the calculation of the flow

Chapter 8

Urodynamics
Gamal Ghoniem and Usama Khater

08 Chapter 1414  9/30/05  1:45 PM  Page 93



rate. Privacy, voided volume, patient age, and sex are factors affecting the
parameters of uroflowmetry. The uroflowmetric parameters to be recorded
and reported include total voided volume (V), maximum flow rate (Qmax),
time to Qmax, voiding time (Vt), flow time, and average flow rate (Qave). The
pattern of the flow curve is also observed.1 In young males, Qmax should be
15–25 ml/s. Women typically void with a slightly higher maximum flow
(5–10 ml/s) for a given volume than men.2 A normal flow pattern or curve
is a continuous bell-shaped smooth curve (Figure 8.1). The first 45% of
voided volume is reached before Qmax is reached. The overall appearance of
the flow curve may disclose abnormalities. This is commonly due to abnor-
mal straining superimposed on detrusor contraction. An interrupted pattern
is consistent with intermittent flow in which downward deflection reaches
2 ml/s or lower. The obstructed flow is characterized by prolonged flow
time, sustained low flow rate, low Qmax, low Qave, and a plateau-shaped
curve (Figure 8.2). There is slow initial rise with an increased time to
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Figure 8.2 Obstructed flow in 70-year-old male patient with obstructing benign prostatic
hyperplasia.
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achieve Qmax, but because the voiding time is longer, Qmax may be seen
relatively earlier.3

The flow pattern of a patient with urethral obstruction is a flat-topped
curve with decreased Qmax, which is quickly reached but remains at the
same level for most of micturition. The curve is unbroken and flattened
with a large part of the volume voided at a constant Qmax

4 (Figure 8.3).
The urinary flow rate provides useful information about whether there

is obstruction to the outflow tract, especially in males. A flow rate greater
than 40 ml/s is considered superflow, which is common in women and
may be due to decreased outlet resistance.5 It is particularly seen in
women who have genuine stress urinary incontinence (SUI), where the
outlet resistance is much reduced, and in patients with marked bladder
activity. Although low Qmax may indicate urinary outlet obstruction, meas-
urement of the flow rate alone has limited value, as it can be seen in
impaired detrusor contractility.

Post-void residual volume (PVR) is the volume in the bladder immedi-
ately after voiding is completed. It is an excellent assessment of bladder
emptying, and it reflects bladder contractility. When it is combined with
PVR, uroflowmetry can be a good screening tool for voiding dysfunction.
PVR can be measured by ultrasound or catheterization immediately after
voiding and, in an adult, it can be up to 25 ml; a residual volume more than
100 ml warrants surveillance.6 Residual volume may be overestimated 
in patients with vesicoureteral reflux, hydroureteronephrosis, and bladder
diverticulum. When a normal Qmax and normal voided volume without
residual urine are present, infravesical obstruction or reduced contractility
is unlikely. Several nomograms have been used to interpret the measured
flow rates. Siroky’s nomogram is used for males, and the Liverpool nomo-
grams have scales for males and females. A peak flow over the 90th
percentile on the Liverpool nomogram may be suspicious for detrusor
overactivity.7
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Cystometry

Cystometry is a measure of the bladder pressure response to filling. A
cystometrogram (CMG) is a graphic presentation of pressure as a function
of volume; the x-axis represents volume and the y-axis represents pressure.
Filling CMG is an excellent representation of the passive properties of the
detrusor (i.e. viscoelastic properties). Several parameters are provided by
this study: bladder filling sensation, stability, compliance, capacity, control
over micturition, detrusor contractility, and emptying.

Single-channel cystometry

Cystometry can be performed as a single-channel study in which the pres-
sure within the bladder, which is the intravesical pressure (Pves), is measured
during filling and storage. It consists of a Foley catheter in the bladder
attached to a wide-mouthed syringe without plunger and held at the level
of the superior edge of the pubic symphysis. Saline is incrementally poured
in the syringe and thus retrograde into the bladder. The height of the col-
umn of saline indicates the pressure of the tonic segment of the cystometric
curve. A detrusor contraction during any part of bladder filling results in a
rapid rise in the column of saline or water. With this technique the moni-
tored pressure is the intravesical pressure (Pves). This reflects the cumulative
effects of all sources of pressure on the bladder – namely, intra-abdominal
pressure, which is the pressure surrounding the bladder, and detrusor pres-
sure (the pressure derived from bladder wall smooth muscle activity, active
and passive). With a single-channel recording system, it is difficult to ascer-
tain the exact source of the rise in intravesical pressure, either due to detru-
sor contraction or increased intra-abdominal pressure (cough or patient
movement). To distinguish the source of the rise of Pves, multichannel
cystometry should be performed. 

Multichannel cystometry

In a multichannel study, concurrent measurement of intravesical, abdomi-
nal, and urethral pressures is performed (Figure 8.4). Detrusor pressure is
estimated by subtracting abdominal pressure from intravesical pressure.
The electromyography (EMG) is also monitored. 

Intravesical pressure (Pves) represents the total pressures acting upon
the bladder, detrusor (Pdet), and abdominal pressures (Pabd) (Figure 8.5).
Detrusor pressure is a component of intravesical pressure that is created by
forces in the bladder wall, passive and active. The passive forces are pro-
duced by the viscoelastic property of the bladder wall, and active forces are
created by detrusor contraction and tone. Exterior forces act upon the
bladder by the abdominal pressure. Therefore
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Pves � Pdet � Pabd

then

Pdet � Pves � Pabd
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Figure 8.4 Multichannel cystometry showing a normal cystometrogram.
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Figure 8.5 Urodynamic algebra. Pabd � abdominal pressure, Pves � intravesical pressure, Pdet
� detrusor pressure.
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In a nearly empty bladder, Pdet � 0, so in this situation, Pves � Pabd (Pabd may
be slightly greater than Pves because of the rectal balloon compliance).

For cystometry studies, urodynamic laboratories use different instru-
ments and techniques. There are different catheters, such as microtip,
air-charged, fiberoptic, and water-infused. Intravesical pressure (Pves) is
measured by placing a catheter into the bladder to fill and detect the pres-
sure. The catheter may have two lumens: one for filling and the other for
pressure monitoring. A triple-lumen catheter is used when urethral pressure
is simultaneously monitored. Abdominal pressure is measured by using a
rectal balloon catheter, as the rectum and bladder are in close proximity and
the intra-abdominal pressure experienced by both organs is equal. Vaginal
pressure monitoring can be used in women, but the vagina is subject to
many anatomic changes that may alter pressure transmission; however, it
can be used if there are anatomic changes of the rectum. Historically, both
liquid and gas have been used as a filling medium. Gas is a rapid and inex-
pensive filling medium. However, it is unphysiologic, compressible, and eas-
ily provokes detrusor overactivity. It is not suitable for studying voiding and
leakage. Gas is seldom now used as a filling medium. The liquid filling
medium may be saline, water, or radiographic contrast. The bladder can be
filled either antegrade or retrograde: the latter is used more commonly in
the office setting because of time consideration. The temperature of the liq-
uid is either room temperature or body temperature. According to the
International Continence Society (ICS), the filling rate is considered fast
(�100 ml/min), medium (10–100 ml/min), or slow (�10/min).6 Natural
bladder filling is on average 1–2 ml/min. Rapid infusion may induce invol-
untary contractions or give the appearance of decreased compliance. A
rapid infusion rate is used to provoke occult detrusor overactivity.8 Slow
infusion is used for children and adults with small functional capacity or
unusual sensitivity to filling at medium filling rate. 

Interpretation of cystometry

Bladder capacity

There are different bladder capacities. Functional capacity is the average vol-
ume of urine voided during the day. The ICS recommends the voiding diary
for its measurement. Anatomic capacity, which is obtained during endo-
scopic examination with the patient sedated or under anesthesia, is the vol-
ume at which a patient who has normal sensation feels that he/she can no
longer delay micturition. In absence of sensation, it is the volume at which
the clinician decides to terminate filling. The cystometric capacity in an adult
should be 300–600 ml. Women have a greater bladder capacity than men.

An enlarged bladder capacity is seen in patients with chronic distention
and sensory or motor impairment. Smaller capacity may be found in
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patients who have sensory urgency, unstable detrusor contractions, infec-
tion or inflammation, or following bladder surgery or radiation. It is related
to low compliance 

Compliance

Compliance is the change in volume with pressure and is expressed in
ml/cmH2O. It represents the bladder distensibility and is attributed to the
viscoelastic property and the spherical shape of the bladder. Also, the
absence of involuntary contractions during filling contributes to the blad-
der compliance. As a result, the detrusor pressure remains low throughout
bladder filling. Normally, while the bladder is filling, the detrusor pressure
does not exceed 5–10 cmH2O above the starting pressure. Therefore, the
kidneys are protected and continence is assured. The cystometrogram is
divided into four phases. 

The compliance is calculated at the end of filling:

Compliance � � Volume/ � Pdet

According to Ghoniem, the compliance in the normal individual is �20
ml/cmH2O.9 Compliance less than 10 ml/cmH2O is clinically significant.
Low compliance is found in patients with severe outlet obstruction,
meningomyelocele, chronic inflammation such as tuberculosis and follow-
ing radiotherapy. High compliance may be associated with a large capacity
and overdistended bladders. It has little clinical significant as an isolated
finding.

Sensation of the bladder

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

Early sensation of filling (sensory urgency) may indicate inflammation,
unstable detrusor contractions, or decreased bladder compliance. Delayed
sensation of filling may represent a neurologic disorder such as peripheral
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neuropathy of the pelvic plexus, trauma, or disease affecting the sacral
nerves.

Stability

Normally, the bladder stores increasing volumes of urine without a signifi-
cant rise in pressure due to the compliance and absence of involuntary
detrusor contractions. The only time that the bladder should contract is
during the voluntary act of voiding. Under certain circumstances, the blad-
der may show involuntary contractions, which may be associated with
symptoms. These involuntary contractions are divided into two categories
by the ICS: idiopathic and neurogenic detrusor overactivities. Idiopathic
detrusor overactivity is defined as involuntary contractions not associated
with an underlying neurologic lesion. The cause of this overactivity may be
idiopathic, aging, infection, inflammation, or bladder outlet obstruction.
Neurogenic detrusor overactivity is defined as the involuntary contractions
associated with a known neurologic lesion and is seen in upper motor
neuron lesions. Idiopathic and neurogenic detrusor overactivity may look
identical on the CMG. The terms idiopathic and neurogenic overactivity are
strictly defined by the patient’s neurologic status rather than the appearance
on the CMG. Absence of involuntary contractions does not exclude its exis-
tence, especially if the patient’s symptoms are not reproduced during the
testing. Involuntary detrusor contractions have been recorded in normal
subjects without any voiding symptoms. 

Rectal contractions

Rectal contractions may occur during multichannel urodynamic studies.
They were previously considered artifacts or variants of normal. Combs
and Nitti reported that rectal contractions occur more frequently in patients
with voiding dysfunction.10 Ghoniem et al found rectal contractions in 40%
of patients with symptomatic benign prostatic hyperplasia (BPH) and
detrusor overactivity and in 10% of symptomatic BPH patients without
detrusor overactivity; the difference was statistically significant.11

Stress-induced detrusor instability

Increased abdominal pressure by cough may trigger uninhibited detrusor
contractions in some patients. If they are associated with incontinence, the
leakage occurs due to these contractions and not due to the increased
abdominal pressure itself. This phenomenon is responsible for 7% of
women with stress incontinence.10
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Pressure–flow studies

Pressure–flow studies are simultaneous measurements of detrusor pressure
and urine flow rate. They provide more accurate and useful information
than uroflow rate alone. The major reason for these studies is to diagnose
outlet obstruction and distinguish obstruction versus impaired detrusor
contraction. Approximately 20–35 cmH2O of pressure is required to drive
urine across the normal male urethra.12 Women void with lower detrusor
contraction and pressure and higher flows than men.13 Detrusor pressures
greater than 30 cmH2O tend to indicate the presence of some degree of
obstruction. There are no generally accepted pressure–flow criteria for
obstruction in women. Massey and Abrams defined bladder outlet obstruc-
tion at Qmax �12 ml/s and PdetQmax �50 cmH2O, urethral resistance
(PdetQmax/Qmax) �0.2, and ‘significant’ residual urine.14 Farrar et al used an
arbitrary definition based on Qmax �15 m/s and PdetQmax �50 cmH2O.15

Chassagne et al reported that Qmax � 15 ml/s and PdetQmax �20 cmH2O are
reasonable pressure–flow parameters to define female bladder outlet
obstruction (BOO).16 Blaivas and Groutz constructed a nomogram for
women with obstructive urinary symptoms.17

The results of pressure–flow studies can be classified according to a num-
ber of nomograms. Most of these nomograms have been described in men
because of the prevalence of bladder outlet obstruction. The drawback of
these nomograms is the presence of a broad boundary between obstruction
and non-obstruction.18

Leak point pressure

Historically, the leak point pressure was introduced by McGuire as a
method to predict which children with myelodysplasia were at increased
risk of upper urinary tract impairment because of the chronically elevated
pressure. The leak point pressure is the bladder pressure at which leakage
occurs. The rise in bladder pressure causing this leakage may originate
either from the detrusor or from increase in abdominal pressure.
Therefore, two leak point pressures have been described – the bladder or
detrusor leak point pressure (DLPP) and the abdominal leak point pres-
sure (ALPP). Each measures the closure function of the entire bladder out-
let under different circumstances. ALPP is the intravesical pressure at
which urine leakage occurs due to increased abdominal pressure in the
absence of detrusor contraction. The increase in abdominal pressure can
be produced during the study by asking the patient to cough (CLPP) or to
do Valsalva maneuver (VLPP). Although coughing can produce higher
abdominal pressures, Valsalva maneuver produces better-controlled
abdominal pressure. If Valsalva maneuver failed to detect leakage, CLPP
can be done.
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The DLPP is the value of detrusor pressure at which leaks occur in the
absence of an abdominal pressure rise. DLPP was introduced in myelodys-
plastic children as an indicator of the risk of upper tract deterioration.
McGuire and Ghoniem reported that DLPP exceeding 40 cmH2O with low
compliance is associated with imminent risk of upper urinary tract dam-
age.19 ALPP less than 90 cmH2O suggests intrinsic sphincter deficiency
(ISD).20–22

Urethral pressure profile

Urethral pressure profile (UPP) is a measure of urethral resistance along the
urethral lumen. The measurement can be made at one point in the urethra
over a period of time or several points along the length of urethra. There
are three techniques used for measuring the UPP:

● perfusion method
● catheter-mounted transducers
● air-charged balloon catheter profilometry.

The perfusion method is the most widely used. Intravesical pressure should
be measured to exclude a simultaneous detrusor contraction and to calcu-
late the closing pressure. The intraluminal pressure can be determined at
rest, with the bladder at any given volume, during cough or during voiding.
The principle of measuring stress UPP (during cough) is to measure pressure
transmission from the abdominal cavity to the urethra. In stress inconti-
nence, this pressure transmission is inadequate and the urethral closure
pressure becomes negative with coughing. Voiding urethral pressure is used
to determine the pressure and site of urethral obstruction. This technique is
plagued by artifacts secondary to movement of the catheter. Relevant meas-
urements relating to resting UPP include maximal urethral pressure (MUP),
maximal urethral closure pressure (MUCP), and functional urethral length.
The maximum pressure measured is the MUP. The maximum difference
between urethral pressure and the intravesical pressure is MUCP. The func-
tional profile length is the length of the urethra along which the urethral
pressure exceeds intravesical pressure in women. The pressure transmission
ratio is the increment in urethral pressure on stress as a percentage of the
simultaneously recorded increment in intravesical pressure.

The drawback of UPP is that there are no defined normal values for UPP,
as considerable variations have been reported. Although MUCP tends to be
lower in women with genuine stress incontinence, there is overlap between
SUI patients and normal subjects. Other drawbacks of UPP are its difficulty
to standardize and perform and its lack of correlation with the surgical out-
come. Also, the correlation between the severity of stress incontinence and
low MUCP has limited relevance.23 While UPP has limited applications
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because of inter- and intra-individual variations, it is used to diagnose the
ISD or ‘low-pressure urethra’. 

Intrinsic sphincter deficiency

Poor function of the internal sphincter is referred to as intrinsic sphincter
deficiency (ISD). McGuire recognized this condition in some women with
recurrent SUI and with low urethral closing pressure. He defined that con-
dition as SUI type III. Pure ISD is easy to diagnose, as the urethra is fixed
and incontinence occurs with low pressure. It is often seen after multiple
failed incontinence surgeries or radiation therapy. The ALPP is used to
determine if ISD exists in the presence of urethral hypermobility. It is gen-
erally accepted that proximal urethral closing pressure less than 10 cmH2O
and ALPP of 60 cmH2O or less indicate ISD. There is a gray zone between
60 and 90 cmH2O. Ghoniem classified ISD into three subgroups based on
videofluorourodynamic (VFUD) findings and ALPP (Table 8.1). ISD-A is
diagnosed only by VFUD, as the bladder neck is not open at rest and it is
difficult diagnose radiographically (Figure 8.6). ISD-B is characterized by a
peak-shaped open bladder neck at rest (Figure 8.7). The ALPP is less than
90 cmH2O. ISD-C is characterized by an open, fixed nonfunctioning ure-
thra (pipestem) with high position of the bladder neck (Figure 8.8); the
ALPP is less than 70 cmH2O.24

Videourodynamics

Videourodynamics is a combination of a routine urodynamic study with X-
ray or ultrasound imaging. Videourodynamics/ fluorourodynamics (FUDS)
is used for patients with complicated lower urinary tract dysfunction. In
patients with neurologic conditions and lower urinary tract dysfunction,
videourodynamics may offer a more accurate diagnosis. Because of the
invasiveness, radiation exposure, and high initial and running costs, FUDS
should not be considered as a first-line evaluation. 
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Table 8.1 Classification of intrinsic sphincter deficiency (ISD)

Parameter ISD-A ISD-B ISD-C

Stress test ± ve Mostly �ve Always �ve
Bladder neck at FUDS Closed at rest, Peak-shaped, Pipestem,

open with stress open at rest open at rest
ALPP (cmH2O) �120 �90 �70

FUDS � fluorourodynamics,ALPP � abdominal leak point pressure.
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Indications for videourodynamics include neurogenic lower urinary tract
dysfunction and incontinence. In these patients, FUDS may define the cause
of incontinence when simple urodynamic studies do not lead to a definite
diagnosis or after failure of initial therapy based on less-complicated
methods of diagnosis.

The advantages of videourodynamics stem from the simultaneous
measurement of the pressure and visualization of the anatomy.
Videourodynamics may reveal the following:
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Figure 8.6 ISD-A.

Figure 8.7 ISD-B.
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● incompetent bladder neck
● inadequate urethral closure during filling
● location of urethral obstruction during voiding
● descent of the bladder base
● bladder base hypermobility 
● intrinsic sphincter deficiency
● incontinence as a leakage of contrast medium, which is demonstrated

fluoroscopically
● dyssynergia between detrusor and external sphincter or bladder neck

can be documented
● any sign of reflux during the filling or voiding phase can be detected

immediately
● bladder or urethral diverticulum or other anatomic malformations.

Electromyography

Electromyography (EMG) is the study of electrical activities generated by
the muscle. It provides useful information on sphincter function, but is most
valuable when performed with cystometry. To detect these activities, either
surface electrodes or needle electrodes are used. Although direct needle elec-
tromyography of the urethral sphincter provides the most accurate infor-
mation, surface electrodes are generally used. EMG recordings show the
activity of the voluntary component of the urinary sphincter mechanism
and the overall activity of the pelvic floor. The interpretation is mainly
restricted to recording of progressively increasing EMG activity during fill-
ing of the bladder (guarding reflex). If the EMG activity is reduced or silent
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Figure 8.8 ISD-C.

08 Chapter 1414  9/30/05  1:45 PM  Page 105



during bladder filling, this may indicate an incompetent urethral closure
mechanism. Normally, the EMG activity should decrease during voluntary
voiding; if this is not the case, urethral function may be overactive.
Increased EMG activity during voiding may indicate abdominal straining.
Waxing and waning of the sphincter EMG during voiding suggests a func-
tional obstruction (detrusor-sphincter dyssynergia). Surface EMG tech-
niques are also valuable in judging the effect of pelvic floor training therapy
and can be used in biofeedback treatment.
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Introduction

Visualization of bladder and urethra is important for a number of indica-
tions (Table 9.1). Most often this is performed in the office (clinic) setting
with topical anesthesia.1

Instrumentation

Instrumentation includes the urethroscope, cystoscope, light source, infus-
ing medium, video camera, and attachments for recording images in video
or still format.2,3

Chapter 9

Cystoscopy
Alfred Bent

Table 9.1 Indications for diagnostic cystoscopy and urethroscopy

Recurrent urinary tract infection

Irritative bladder and urethral symptoms

Hematuria

Urogenital fistula

Urethral or bladder diverticulum

Complicated urinary stress incontinence

Unresolved overactive bladder

Suspected interstitial cystitis

Calculus

Suspected bladder or urethral cancer

Obstructive voiding symptoms

Suspected foreign body

Assessment of ureteral function (especially postoperative)

Staging for cervical cancer
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The urethroscope consists of an external sheath (sizes 15 and 24 Fr) and
a 0° lens. The larger sheath can be used in most patients and affords rapid
infusion of liquid medium, usually water. The smaller sheath provides
almost no flow of infusion liquid, but provides access to small-caliber
urethras, as well as allowing vaginoscopy in pediatric patients (Figure 9.1).

The cystoscope (Figure 9.2) consists of a sheath (size 17–28 Fr), telescope
(0°, 30°, 70°, and 120°), bridge to connect sheath and telescope, and the
other equipment as for urethroscopy, including infusion medium, light
source, camera, and image recorders. The 17 Fr sheath is used in most diag-
nostic work, though a 15º sheath is available for pediatric work. The 30º
lens is adequate for most diagnostic studies, but the 70º telescope may be
required in the presence of elevation of the urethrovesical junction, such as
after colposuspension procedures, and is a must for the operating room.4

The telescopes have a field marker, a blackened notch, on the outside of the
visual field opposite the angle of the deflection (opposite the light cord
post), which helps facilitate orientation. The distal end of the cystoscope
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 (a)

 (b)

 (c)

Figure 9.1 Components of the urethroscope: (a) telescope; (b) sheaths; (c) urethroscope.
(Reproduced with permission from Cundiff GW, Bent AE. Endoscopic diagnosis of the
female lower urinary tract. London:WB Saunders, 1999:13.)
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sheath is fenestrated to permit use of instrumentation in the angled field of
view. It is also beveled, opposite the fenestra, to increase the comfort of the
introduction of the cystoscope into the urethra. The bridge allows instru-
mentation with a grasper, biopsy instruments, scissors, or ureteral catheters,
and this may be aided by an Albarran bridge that has a deflector mecha-
nism at the end of the inner sheath. Unlike the rigid cystoscope, the flexible
cystoscope combines the optical systems and irrigation-working channel in
a single unit. The coated tip is 15–18 Fr in diameter and 6–7 cm in length;
the working unit makes up half the length. The flexibility of the fibers per-
mits incorporation of a distal tip-deflecting mechanism, controlled by a
lever at the eyepiece that will deflect the tip 290º in a single plane.
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70º

30º

 (a)

 (b)

70º

30º

 (c)

 (d)

Figure 9.2 Components of the cystoscope: (a) telescopes; (b) bridges; (c) sheath; (d) rigid
cystoscope. (Reproduced with permission from Cundiff GW, Bent AE. Endoscopic
diagnosis of the female lower urinary tract. London:WB Saunders, 1999:10.) 
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Urethroscopy

The urethroscope is placed at the urethral meatus with sterile water infus-
ing rapidly, and the instrument is passed slowly through the urethra toward
the bladder neck, while maintaining the urethra in the center of the field.
The urethral mucosa is pink, and may show gland openings, as well as lon-
gitudinal folds (Figure 9.3). The urethrovesical junction (bladder neck) is
passed as the scope enters the bladder. Fronds, polyps, and cysts are a nor-
mal variant at the bladder neck (Figure 9.4). With the bladder partly filled,
maneuvers are conducted at the bladder neck that include the commands
‘hold your urine’, ‘squeeze your rectum’, ‘strain down’, and ‘cough’. The
most important observations are that the bladder neck moves with these
procedures, and during the hold maneuvers it will close (Figure 9.5). A
scarred bladder neck will appear pale and will have little movement with
strain or cough (Figure 9.6). The urethra is then palpated while the ure-
throscope is withdrawn over the palpating finger. This may elicit excretion
of mucus from the periurethral glands, or can express pus from a subu-
rethral diverticulum. A fistula between urethra and vagina will be obvious,
and a large one can reveal an examining glove. 

Cystoscopy

Cystoscopy is performed by lubricating the sheath with Xylocaine (lido-
caine) 2% gel, starting the infusion of sterile water, and placing the cysto-
scope (fenestrated end pointing up) into the urethra while advancing it
toward the umbilicus. The bladder bubble appears as a landmark at the
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Figure 9.3 Normal urethral mucosa.
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Figure 9.4 (a) Fronds, (b) polyps, and (c) cysts at the bladder neck.

(a)

(b)

(c)
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Figure 9.5 Maneuvers at bladder neck: (a) bladder neck open and (b) bladder neck closed.

(a)

(b)

Figure 9.6 Scarred bladder neck.
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dome of the bladder (Figure 9.7). Examination of the bladder proceeds in
clockwise fashion as each hour is examined from 1 to 5, 11 to 7, and then
6 to 8 over the trigone and ureteral openings. The angle of view is 180°
opposite the light post on the telescope. Examination is aided by moving the
cystoscope downward and to the patient’s right leg to observe the left upper
area of the bladder (1 to 3 o’clock). Elevating the cystoscope will allow
observation of the trigone and ureters. A vaginal finger may have to be
placed to elevate the trigone or prolapsed anterior vaginal wall in order to
view the trigonal area. 

The bladder wall should appear pink with a light background of vascu-
lature (Figure 9.7). The trigone may have a granulated appearance, and the
ureters are located at the lateral margin of the trigone (Figure 9.8).
Inflammatory mucosal abnormalities will appear as red dots or blotches
(Figure 9.9). Surface cysts are common at the trigone, and are known as
cystitis cystica (Figure 9.10). Trabeculation is the prominent pattern of
ridges observed in the muscle of the bladder wall, sometimes as a result of
outlet obstruction, or sometimes just with normal aging (Figure 9.11).
Foreign bodies are an obvious abnormality (Figure 9.12). Bladder tumors
take on a number of appearances, including papillary projections, smooth
folds above the bladder surface, and obvious projections of abnormal tissue
(Figure 9.13). The bladder should readily fill with 250 ml of fluid, and at
the end of observation can be filled to 350–500 ml to determine bladder
capacity. This amount is recorded on the dictated report. 
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Figure 9.7 Normal bladder wall.
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Preparation and aftercare

The procedure is performed as a no-touch technique, and sterile draping is
not required. The urethral meatus is cleansed with an antiseptic solution
prior to the procedure. Instruments need regular cleaning and sterilization
according to each facility guidelines. Antibiotic prophylaxis after cys-
toscopy is not mandatory, though if used it may be better utilized as a pre-
operative dose.5 Some patients have urethral discomfort after the procedure
and phenazopyridine may be used every few hours for 24 hours. 

Cystoscopy during pelvic reconstructive surgery

Operative cystoscopy requires the 70° lens for observation of the entire
bladder after difficult gynecologic surgery, pelvic floor surgery, or inconti-
nence procedures. When examining for ureteral patency, 2.5–5 ml of indigo
carmine is injective intravenously, and the dye will appear at the ureteral
openings after 6–7 minutes. The 30° lens along with Albarran bridge 
will be needed if ureteral catheters need to be passed. It remains useful 
to perform these procedures with video for ease of examination and
maneuvering.

Summary

Office cystoscopy may be performed readily on an outpatient basis without
need for sedation. The examination table should be power-regulated to
move patients easily from a sitting position to the appropriate examination
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Figure 9.8 Bladder trigone (arrows mark ureters).
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Figure 9.9 Abnormal mucosal surface of bladder: (a) spots of inflammation, (b) inflamed
bladder wall, and (c) extensive inflammation of bladder wall.

(a)

(b)

(c)
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position. The table can also be used for other examinations. The room will
require a sink for cleaning instruments and a space for cold sterilization. A
bathroom and change area should be adjacent to the room. Video equip-
ment and image capture are essential for recording appropriate images and
allowing examination while the examiner sits comfortably and maneuvers
the telescope with attached video. The light source must be of high quality
and power, and the light cable of 6 feet or less and optimally functioning.
The infusion medium of water may be suspended on an intravenous pole
and a normal intravenous infusion set used to deliver the fluid through 
the scope. A pressure bag is not required. A hysteroscope with 30° lens can
be used to evaluate most female bladders, allowing use of only one instru-
ment. Ideally, a urethroscope with 0° lens and both 15 and 24 Fr sheaths
will allow appropriate examination of the urethra, or can be used as 
a vaginoscope even in the pediatric age group. Cystoscopy is ideally
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Figure 9.10 Cystitis cystica at trigone: (a) opaque and yellow cysts and (b) clear cysts.

(a)

(b)

09 Chapter 1414  9/30/05  1:46 PM  Page 118



Cytoscopy 119

Figure 9.12 Bladder stone.

Figure 9.11 Trabeculated bladder muscle: (a) moderately severe and (b) severe with
cellules.

(a)

(b)
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performed with a 17 Fr sheath and 70° lens. For office operative manipu-
lation, the instrumentation would include a 22 Fr sheath with 30° lens, an
Albarran bridge, and biopsy forceps, scissors, and grasper. This is seldom
required in female office cystoscopy. If periurethral bulking is done in the
office using the transurethral technique, the required instrumentation
includes a 21 Fr sheath with no fenestration, 12 or 25° lens, and an
operative needle and needle guide. 
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Figure 9.13 Bladder tumors: (a) papillary transitional cell type and (b) flat invasive type.

(a)

(b)
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Introduction

The evaluation of pelvic floor disorders, including incontinence of urine or
feces, pelvic organ prolapse, voiding dysfunction, pain syndromes, and sex-
ual dysfunction, depends on a thorough history and detailed physical exam-
ination as well as accurate, objective information obtained by imaging of
the pelvis and its contents. Historically, imaging techniques in both gyne-
cology and urology have relied upon noninvasive modalities such as trans-
abdominal and transvaginal ultrasound or more invasive modalities such as
defecography, endoanal ultrasound, and cystography (Table 10.1). Each of
these techniques boasts its diagnostic advantages; however, none provides
comprehensive information about pelvic and vaginal organ anatomy as well
as dynamic function of the pelvic floor. The development of functional
magnetic resonance imaging (MRI) directed at pelvic organ anatomy, pelvic
organ prolapse, and pelvic floor function as a dynamic modality has revo-
lutionized the evaluation and objective quantification of female pelvic dis-
orders. Functional cine-MRI has become a well-accepted method of
imaging both pelvic contents and pelvic floor function.1 This chapter
reviews the technique of functional pelvic MRI, indications for its use,
current supporting literature, and future directions. 

Functional magnetic resonance imaging of the
pelvis

Magnetic resonance imaging has numerous advantages over standard radi-
ography, ultrasound and computed tomography (CT) scanning in assessing
pelvic organ pathology and pelvic floor function, including lack of radia-
tion exposure, excellent quality of soft tissue contrast, multiplanar imaging,
noninvasive modality, lack of exposure to nephrotoxic contrast material,
and capability for dynamic evaluation with cine-loop sequences. Both static
and dynamic phase images can be obtained to assess for pelvic floor mobil-
ity and/or prolapse of the three vaginal compartments. Furthermore, MRI

Chapter 10
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can identify external anal sphincter defects perhaps more readily than
endoanal ultrasound, because of the high degree of contrast between the
anal sphincter and perirectal fat.2 Excellent temporal resolution is attained
through rapid sequence T2–weighted MRI, a relatively fast imaging
modality with limited patient discomfort.

Dynamic pelvic MRI is a useful preoperative tool in assessing all three
vaginal compartments for prolapse when planning surgical therapy. If phys-
ical examination findings are equivocal or do not necessarily correlate with
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Table 10.1 Imaging modalities for pelvic floor disorders

Imaging Screening advantages

Noninvasive
Transabdominal ultrasound Uterine, adnexal pathology 

Bladder wall morphology
Post-void residual urine

Transvaginal ultrasound Uterine, adnexal pathology
Cervical pathology
Periurethral/vaginal wall pathology
Vaginal wall vascularity
Clitoral anatomy and vascularity

Dynamic cine-magnetic resonance imaging Pelvic organ pathology
Soft tissue pathology
Urethral/periurethral pathology
Intestinal pathology
Sagittal two-dimensional anatomy
Pelvic floor dynamic function:

Pelvic organ prolapse
Levator ani function
Incontinence of urine/feces

Perineal pathology
Anal sphincter pathology/function
Ureteral pathology

Invasive
Defecography/evacuation proctography Anal sphincter pathology and function

Rectocele
Intussusception and rectal prolapse

Endoanal ultrasound Internal and external anal sphincter
pathology 
Rectal mucosal pathology

Cystography Cystocele
Incontinence
Bladder wall pathology
Vesicoureteral reflux
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symptomatology, functional pelvic MRI can aid in the assessment of ante-
rior, apical, and posterior compartment prolapse (Table 10.2). Perineal her-
niation or convexity can be detected during the dynamic phase, which may
prompt perineal repair and perineal body reconstruction. Anal sphincter
morphology can be assessed in cases of fecal incontinence or incontinence
of flatus. In addition, hydroureter can be identified in cases of severe cysto-
cele with ureteral traction/kinking. Abnormalities of the endometrium,
uterine body, or adnexa may alter surgical management and necessitate hys-
terectomy and/or oophorectomy. Benign enlargement of the uterus, often
caused by leiomyomatous tumors, can be accurately assessed in three
dimensions and provide valuable information regarding the feasibility of a
planned vaginal hysterectomy or prolapse repair. 

Magnetic resonance imaging technique

Dynamic pelvic MRI protocols vary and can include vaginal or rectal con-
trast, static and dynamic phase images, multiplanar imaging in sagittal,
coronal, and axial planes and endoanal coils for anal sphincter evaluation.
In general, the bladder should be at least half full. A phased array coil is
positioned low around the patient’s pelvis. The static portion of the study
is carried out in sagittal, coronal, and axial planes to include all three pelvic
compartments. The dynamic phase includes both HASTE (half-Fourier
acquisition single shot turbo spin echo) and FISP (Fast Imaging with Steady
state Precession) sequences during graded degrees of pelvic straining
(Valsalva maneuvers), which can be looped into a cine-MRI. The HASTE
sequence is a series of single shots that maintains high spatial resolution
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Table 10.2 Compartments of pelvic organ prolapse and pathology 

Vaginal compartment Anatomic defect

Anterior Urethral hypermobility/incontinence
Bladder neck hypermobility
Cystocele

Apical/middle Uterine prolapse
Cervical elongation
Enterocele/peritoneocele
Sigmoidocele

Posterior Rectocele
Enterocele (rectovaginal septum)
Rectal prolapse
Perineal hernia/perineocele
Anal sphincter defects
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through partial acquisition. The average total time of this acquisition is less
than 2 minutes. The FISP sequence is a continuous method of image
acquisition, which allows improved temporal resolution. Both sequences
are often employed to assess pelvic floor mobility, function, and degree of
prolapse. Dynamic MRI proctography can be carried out using rectal gel
and image acquisition during rest, squeeze, and defecation.3

Prior to the functional cine-MRI study, there is no need for patient prepa-
ration. However, the patient should be familiarized with the protocol and
the instructions for progressive straining maneuvers during the course of
the examination. Some radiologists recommend opacification of the vagina
and/or rectum using sonography gel for improved visualization of pelvic
structures, such as the fornix of the vagina and the rectovaginal septum.
This contrast gel is easily administered without significant patient
discomfort, and is inexpensive and well tolerated.2

In general, the protocol for functional pelvic floor MRI is divided into
static and dynamic pulse sequences. The static component includes T2-
weighted turbo spin-echo sequences of the pelvis in both axial and sagittal
orientations. These high-resolution, static images provide a morphologic
assessment of pelvic structures, including the pelvic floor musculature. In
addition, incidental anomalies or pathologic findings can be elucidated. The
urethral complex as viewed in the axial plane serves as a point of reference
for the dynamic sequence.

The dynamic sequence consists of a T2-weighted FISP or HASTE
sequence, depending on the radiologist’s preference. The sagittal images
allow visualization of all three pelvic compartments at the same time,
whereas the axial images provide valuable information about the urogeni-
tal hiatus and its contents, including the perineum. The patient is asked to
relax the pelvic floor muscles, followed by slow contractions. Then, the
patient is asked to progressively increase intra-abdominal pressure by
straining, and in some cases by defecation. Additional coronal images can
be performed to assess the levator ani muscles during straining. The total
time of acquisition varies between 20 and 30 minutes.2

Magnetic resonance image analysis 

The analysis of all static and dynamic images is relatively easy to perform
and provides useful information for the clinician. Several reference lines
have been proposed to assess the degree of pelvic floor relaxation and pro-
lapse. The extent of pelvic organ prolapse is generally quantified in refer-
ence to three defined lines on the mid-sagittal image where maximal descent
is visualized during the dynamic sequence: 

● the pubococcygeal line (PCL) is a straight line between the inferior rim
of the pubic bone and the last visible coccygeal joint (Figure 10.1) 
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● the second line is the horizontal tangent of the inferior rim of the pubic
bone (axial line; AL) 

● and the third line is the hymenal line (HL) drawn through the long axis
of the pubic bone on the mid-sagittal image. 

The pelvis is generally divided into three anatomic compartments. A struc-
ture from within each compartment is defined and its position described
with respect to one of the three aforementioned reference lines, the pubo-
coccygeal line being the most common. The most validated reference line is
the PCL. Simply put, the PCL is a practical reference line used to describe
descent of key pelvic structures. 

The primary anatomic structures within the anterior compartment are
the urethra, bladder neck and bladder base. Within the superior compart-
ment, the distal-most aspect of the cervix or posterior fornix is evaluated in
relation to the reference line. Finally, the most caudal aspect of the anterior
rectal wall is utilized from the posterior compartment.1

Dynamic pelvic magnetic resonance imaging:
compartmental prolapse

Anterior compartment prolapse 

The anterior pelvic compartment assessed with dynamic pelvic MRI
includes the urethra, bladder neck, and bladder. Stress urinary incontinence
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Normal

ALAL
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H-LineH-LineH-Line
AL

PCL

Figure 10.1 (a) Dynamic pelvic MRI during Valsalva maneuver in the sagittal plane with
reference lines highlighted in red: PCL � pubococcygeal line, AL � axial line, H-line �
hymenal line. (b) Schematic illustration of normal pelvic organ anatomy, with normal
vaginal axis line depicted.

(a) (b)
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with associated bladder neck and/or urethral hypermobility can be visual-
ized during Valsalva maneuvers on T2-weighted images. Bright-colored
fluid can be visualized within the urethral lumen or vaginal vault consistent
with urinary incontinence. The mobility of the urethra and bladder neck
can be well-visualized during the dynamic or cine-portion of the MRI
viewed in the mid-sagittal plane (Figure 10.2). Separation of the proximal
urethra and bladder neck from the pubic symphysis, with associated
hypermobility and posterior rotation, is well visualized on the sagittal
images. 

The degree of cystocele, including both central and lateral defects, is also
well visualized with dynamic pelvic MRI (Figure 10.3). Bladder wall thick-
ening can also be assessed in cases of severe bladder outlet obstruction.
Furthermore, dilation of the ureters (hydroureter) can be incidentally dis-
covered in association with severe cystocele due to traction and kinking of
the ureters.   

Superior/apical/middle compartment prolapse

Physical examination alone is often inadequate in assessing the degree of
apical compartment prolapse. The degree of uterine descent during Valsalva
maneuvers is difficult to appreciate when obscuring anterior or posterior
compartment prolapse is present. In addition, cervical elongation, com-
monly seen in multiparous women, can cause confusion and be mistaken
for uterine prolapse. Dynamic pelvic MRI is especially useful in assessing
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Figure 10.2 Dynamic pelvic MRI during Valsalva maneuver in the sagittal plane with
incontinence demonstrated as bright fluid exterior to the urethra (red arrow).Also noted
is descent of the bladder neck with separation from the pubic symphysis.
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the apical compartment (Figure 10.4). Pathology of the uterus can be
uncovered (i.e. fibroids, uterine enlargement) and may alter surgical man-
agement. Cervical elongation can readily be distinguished from significant
uterine prolapse. In cases of post-hysterectomy prolapse, the contents of the
vault prolapse can be better defined. Enterocele, also termed peritoneocele,
can be distinguished from cystocele as well as sigmoidocele (Figure 10.5).
With both enterocele and peritoneocele, small intestinal contents, fat and
fluid, are visualized within the herniating sac extending below the PCL.

Posterior compartment prolapse

Evaluation of the posterior compartment with dynamic pelvic MRI can
assess for the presence of a rectocele, with defects in the rectovaginal sep-
tum, rectal prolapse, rectal or sigmoid intussusception, as well as anorectal
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Figure 10.3 Dynamic pelvic MRI during Valsalva maneuver in the sagittal plane with severe
cystocele visualized outside of the patient’s introitus (grade IV).
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Figure 10.4 (a) Dynamic pelvic MRI during Valsalva maneuver in the sagittal plane
demonstrating cystocele and uterine prolapse in relation to the PCL (red line). B �
bladder, U � uterus. (b) Dynamic pelvic MRI during Valsalva maneuver in the sagittal plane
demonstrating uterovaginal prolapse in relation to the PCL (red line). (c) Dynamic pelvic
MRI at rest in the sagittal plane with uterus in normal anatomic orientation, well above
the PCL, and (d) during Valsalva maneuver revealing complete uterine prolapse (eversion)
outside of the introitus. U � uterus.

(a)

(b)
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junction descent. Rectocele is defined as a bulging and descent of the ante-
rior rectal wall during straining maneuvers (Figure 10.6). This is readily
identified on dynamic MRI in the sagittal plane as a gas-filled structure
bulging below the PCL or even outside the introitus. Posterior herniation of
the small intestines and other intra-abdominal contents (i.e. peritoneal fat,
omentum) into the rectovaginal septum can be identified as a posterior
enterocele or peritoneocele, where loops of bowel are visualized interposed
between the vagina and rectum (Figures 10.7 and 10.8). Rectal prolapse can
be identified as protrusion of the rectum, either partially or completely,
through the anal orifice. Rectal intussusception is identified as rectal invagi-
nation which descends towards the anal canal but does not extend through
it. Descent of the anorectal junction is an indication of generalized pelvic
floor relaxation.
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Figure 10.5 Dynamic pelvic MRI during Valsalva maneuver in the sagittal plane
demonstrating large peritoneocele extending several centimeters below the PCL (red
line).
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Dynamic magnetic resonance imaging of
defecatory disorders

Dynamic pelvic MRI is a minimally invasive imaging modality that can be
utilized in the evaluation of both fecal incontinence and obstructed defeca-
tion. Fletcher et al compared dynamic pelvic MRI with endoanal ultra-
sound in assessing defects of the internal and external anal sphincters and
found comparable results.3 An endorectal coil is utilized followed by
endoanal gel during evacuation. MRI was capable of identifying excessive
perineal descent during straining and defecation as well as thinning or tears
in the anal sphincter.

Fuchsjager et al describe the use of endoanal MRI in the evaluation of
fecal incontinence.4 MRI offers the distinct advantages of multiplanar imag-
ing and high soft tissue contrast, which is especially useful in identifying dis-
crete components of the external anal sphincter. A sphincter defect is
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Figure 10.6 Dynamic pelvic MRI during Valsalva maneuver in the sagittal plane
demonstrating large rectocele filled with gas (black) extending below the PCL.
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identified as a discontinuity of the muscle ring, whereas scarring is defined
as a hypointense deformation of the normal muscle layer pattern.

Magnetic resonance imaging of levator ani
morphology

Several authors have described the use of dynamic pelvic MRI in the evalu-
ation of pelvic floor muscle morphology, function, and defects following
vaginal delivery. Singh et al studied women with varying degrees of pelvic
prolapse with three-dimensional pelvic MRI and assessed the following
characteristics of the puborectalis muscle group: levator symphysis gap, the
width of the levator hiatus, and the length of the levator hiatus.5 These
authors found that alterations in levator ani morphology did not necessar-
ily correlate with the degree of prolapse. However, both the levator
symphysis gap and the levator hiatus widen with increasing grades of
prolapse.

134 Practical guide to female pelvic medicine

Figure 10.7 Dynamic pelvic MRI during Valsalva maneuver in the sagittal plane
demonstrating posterior enterocele between the posterior vaginal wall and rectum. E �
enterocele, R � rectocele.
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Hoyte et al utilized magnetic resonance-based, three-dimensional color
mapping to assess levator ani thickness variations in women, both sympto-
matic (stress incontinence or prolapse) and asymptomatic.6 They found sta-
tistically significant differences in levator thickness and gaps amongst
symptomatic versus asymptomatic women. This particular technique can
help to further the understanding of pelvic floor dysfunction.

Conclusions

Dynamic pelvic magnetic resonance imaging is a noninvasive, safe, and
accurate modality that is useful in assessing pelvic floor dysfunction, pelvic
organ prolapse, defecatory disorders, pelvic pain syndromes, urinary and
fecal incontinence, perineal descent and herniation, and reproductive organ
pathology. Image analysis is reproducible and can be readily learned by cli-
nicians without significant radiologic or MR experience. Furthermore, inci-
dental pelvic organ pathology can be elucidated in a relatively accurate
modality without the need for additional radiographic procedures. 
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Figure 10.8 Dynamic pelvic MRI during Valsalva maneuver in the sagittal plane
demonstrating posterior peritoneal contents herniating between the uterus and rectum.
U � uterus, R � rectum, P � peritoneocele.
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Introduction

Colorectal physiologic testing will allow, in about 50–75% of cases, strati-
fication of potentially disabling and highly prevalent disorders such as fecal
incontinence and chronic idiopathic constipation into diverse causative
diagnoses with distinctive therapeutic approaches.1 The evaluation of these
complex disorders will usually require a combination of studies and a
multidisciplinary approach. Physiologic tests of practical value include
anorectal manometry, colonic transit time study, videodefecography,
electroneuromyography, and anal ultrasound.2

Indications for colorectal testing

Exclusion of both intestinal and systemic organic etiologies is imperative
prior to referring the patient with functional symptoms to the physiology
laboratory. Both barium enema and colonoscopy are comparable in the
diagnosis of lesions associated with constipation; however, barium enema
has the advantage of providing a permanent record, available for future
evaluations, of the size, length, and anatomic abnormalities of the colon. 

History and physical examination may dictate additional tests. In addition,
a therapeutic schema is usually introduced, including dietary assessment, a
diary of defecation, and symptoms and, when indicated, psychologic evalua-
tion. In constipated patients, supplemental fiber, increased fluid intake, and
physical activity are helpful measures. This initial therapy will permit better
evaluation of the severity of the symptom. Furthermore, symptoms may even
improve, if they are dietary or psychologically related. Often, patients
referred for colorectal physiologic testing present with refractory and severe
idiopathic symptoms, and a combination of studies is usually indicated due
to the complex etiology of these functional disorders.

Chapter 11

Physiologic evaluation of the
colon, rectum, and anus
Jose Marcio N Jorge

11 Chapter 1414  9/30/05  1:47 PM  Page 137



Anorectal manometry

Anorectal manometry is an objective method of studying the physiologic
apparatus of defecation provided by the anal sphincter. Manometric sens-
ing devices include microballoons, microtransducers, and water-perfused
catheters. Plastic multichannel catheters, perfused with water by a micro-
perfusion system, are the most commonly used sensing devices, and measure
the resistance by sphincters in terms of pressure to a constant flow of water
through the port. A constant perfusion rate, usually 0.3 ml/channel/min is
required to adequately measure the outflow from the tube. The most impor-
tant advantage of perfused catheters is that multiple channels, more com-
monly 4–8 channels, can be set on a single catheter. Conventional anorectal
manometry, using an intrarectal balloon, enables measurement of both rest-
ing and squeeze pressures, as well as the high pressure zone or functional anal
canal length. Adjunct studies include assessment of rectoanal inhibitory
reflex, rectal sensory threshold, rectal capacity, and rectal compliance.

The mean anal canal resting tone in healthy adults is generally in the
range of 50–70mmHg, usually lower in women and in the elderly.3 In the
composition of the resting tone, the internal anal sphincter (IAS) is respon-
sible for 50–85%, the external anal sphincter (EAS) accounts for 25–30%,
and the remaining 15% is attributed to expansion of the anal cushions.4

Because of both intrinsic myogenic and extrinsic autonomic neurogenic
properties, the IAS is in a state of continuous maximum contraction and,
therefore, forms a natural barrier to the involuntary loss of stool. A grad-
ual increase in pressure is noted from proximal to distal in the anal canal;
the highest resting pressures are usually recorded 1–2 cm cephalad to the
anal verge. This high-pressure zone or functional anal canal length, which
corresponds anatomically to the condensation of the smooth muscle fibers
of the IAS, is shorter in women (2.0–3.0 cm) than in men (2.5–3.5 cm). The
anal canal is also relatively asymmetric on its radial profile. The normal
values for the radial asymmetry index are � 10%; however, these values are
subject to the technique and equipment used.3

During maximal voluntary contraction or squeeze efforts, the activity of
the EAS and the pelvic floor muscles will increase intra-anal pressures to
two or three times their baseline resting tone (100–180 mmHg). However,
due to muscular fatigue, maximal voluntary contraction of the EAS and
levator ani can be sustained for only 40–60 seconds (Figure 11.1). In some
patients, despite an initial normal squeeze pressure, a rapid decrease in val-
ues can be noted, and therefore, this inability of sustaining the voluntary
contraction may represent either an initial or different mechanism of lesion.
The fatigue rate index is a calculated measure (in minutes) of the time nec-
essary for the sphincter to be completely fatigued to a pressure equivalent
to the resting tone. According to Marcello et al,5 the mean fatigue rate
index is 3.3 minutes for volunteers, 2.8 minutes for constipated patients,
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2.3 minutes for patients with seepage, and 1.5 minutes for incontinent
patients. Unlike other skeletal muscles, which are usually inactive at rest,
EAS and levator ani muscles have a predominance of type I fibers, which is
characteristic of skeletal muscles of tonic contractile activity. Additionally,
in response to conditions of threatened continence, such as increased 
intra-abdominal pressures and rectal distention, the EAS and PR reflexively
or voluntarily contract further in order to prevent fecal leakage. 

The rectoanal inhibitory reflex (RAIR), transient EAS contraction and
pronounced IAS reflex relaxation in response to rectal distention, enables
rectal contents to come into contact with the highly sensitive epithelial
lining of the upper anal canal. By providing accurate distinction between
flatus and feces, this ‘sampling’ mechanism is thought to have a role in the
fine adjustment of anal continence. Although the IAS relaxes in response to
rectal distention, it gradually reacquires its tone as the rectum accommo-
dates to the distention. The RAIR is probably located entirely within the
bowel wall; it is dependent upon mechanoreceptors in the rectum and inde-
pendent of higher neural centers. When both reduced anal sensation and
defective sampling mechanism occur, the patient may be completely
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Figure 11.1 Voluntary contraction pressures of the anal canal, with assessment of the
sphincter fatigue undex.
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unaware of impending incontinence. Absence of the RAIR in a patient with
constipation is suggestive of Hirschsprung’s disease, or in prevalent areas,
of Chagas’ disease.6

During manometry, rectal sensory threshold is evaluated by injecting pro-
gressive volume of air into an intrarectal balloon: normally with 10–40 ml
of volume, patients will sense the balloon. The poor discriminatory quality
of rectal sensation is probably due to the absence of sensory nerve endings
in the rectum; these proprioceptors are more likely situated in adjacent
pelvic structures, such as the levators, puborectalis, and anal sphincters.
Diseases such as altered mental conditions (encephalopathy, dementia, and
stroke) and sensory neuropathy (diabetes) may selectively reduce conscious
sensation and awareness of rectal fullness. Although these patients may not
recognize or respond to threats to continence, the autonomic pathways that
mediate the RAIR may be intact. A fecal bolus in the rectum results in
reflexive relaxation of the IAS. In these patients, that relaxation occurs
before a sensation of rectal distention, which results in both fecal impaction
and overflow incontinence.

Rectal contents must be accommodated if defecation is to be delayed; this
is possible through the mechanisms of rectal capacity and compliance. The
non-diseased rectum has both viscous and elastic properties that allow it to
maintain a low intraluminal pressure while being filled, in order to preserve
continence. Whether poor rectal compliance is a cause or a consequence of
fecal incontinence is controversial. The fact that rectal compliance is fre-
quently impaired in both idiopathic and traumatic incontinence suggests
that decreased rectal compliance is rather a consequence of an incompetent
anal sphincter. On the other hand, if rectal compliance deteriorates, smaller
volumes of feces will result in higher intraluminal pressures causing urgency
and incontinence. 

Anorectal manometry is the most commonly used test in an anorectal
physiology laboratory, especially in anal incontinence, in order to document
the degree of sphincter impairment. Evaluation of anorectal pressure
parameters is also helpful prior to operations of the colon, rectum, and
anus, whenever the continence mechanism is endangered, due to the nature
of the procedure or to an occult pre-existent sphincter lesion. In fact, occult,
subclinical incontinence may be diagnosed only during physiologic testing,
particularly during manometry. Anal manometry is often of no ‘diagnostic
value’ in idiopathic constipation in adults, except in the rare cases of seg-
mental Hirschsprung’s disease. In these cases, more often in children and
adolescents with constipation and encopresis, the absence of the RAIR
should be correlated with rectal biopsy. In constipation, anal manometry
provides supportive data for pelvic floor dysfunction: for example, high
resting tone with an elongated functional anal canal and little voluntary
augmentation suggests paradoxical puborectalis contraction. In addition,
high rectal capacity and compliance may suggest outlet obstruction.
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Colonic transit times

Colonic motility studies such as manometry or electromyography are of lim-
ited use due to the relative inaccessibility of the proximal colon. In addition,
colonic manipulation and dilatation may compromise the fidelity of mano-
metric recordings. Although these studies have been proposed to discriminate
dysmotility patterns, pathognomonic of underlying pathophysiologic
processes, currently, these tests have not achieved relevance in clinical
practice.

The colon accounts for approximately 80–90% of the total digestive
transit time.7 Therefore, colonic transit time has been primarily evaluated
as the total digestive transit through the elimination of markers in the
feces. The simplest and most practical method of evaluating colonic tran-
sit requires ingestion of 24 radiopaque markers and quantification of
these markers on abdominal radiographs.8 Normal total intestinal transit
time involves elimination of at least 80% of markers on the fifth day of
study.8 Subsequently, segmental colonic transit time study was proposed
as the ideal assessment of colonic transit.9 Rather than measuring the
elimination or clearance of markers, the index of transit time of this
method was the actual number of retained markers on each colonic seg-
ment. The spinal processes and imaginary lines from the fifth lumbar
vertebra to the pelvic outlet have been used to recognize the three seg-
ments of the large bowel (right colon, left colon, and rectosigmoid) on
the radiographs. The classical technique of measuring segmental transit
time consisted of a single ingestion of 20 or 24 markers followed by
serial radiographs taken at 24-hour intervals until total elimination of
markers occurred. When using 24 markers, the sum of the retained mark-
ers in each colonic segment on the successive radiographs represents the
value (in hours) for each segmental transit time. In order to reduce irra-
diation exposure and achieve more practicality, subsequent technical
modifications included multiple ingestion of markers, rather than multi-
ple radiographs, and the use of markers of different shapes. However, the
technique involving two radiographs, taken on days 3 and 5 after a sin-
gle day ingestion of 24 radiopaque markers, may suffice. Prior to testing,
a digital examination and, if necessary, a simple abdominal radiograph,
are indicated to ensure that the colon is cleared of any contrast material
from previous studies and that there is no fecal impaction in the rectum.
The use of enemas, laxatives, or any other medication known to affect
gastrointestinal motility should be discontinued for 3 days prior to inges-
tion of the markers until completion of the study. Patients are instructed
to maintain their normal diet; however, supplemental fiber such as bran
or psyllium can be helpful to exclude dietary causes. The study may be
repeated if the patient reports that the frequency during the study is not
representative of usual bowel habits.
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In normal individuals, markers reach the cecum within 8 hours after their
ingestion. The mean and maximal values for normal individuals for the
total colonic transit time are 36 and 55 hours, respectively. The mean seg-
mental transit times are 12, 14, and 11 hours for right colon, left colon, and
rectosigmoid, respectively; the maximal values for the segmental transit
times are 22, 34, and 27 hours for right colon, left colon, and rectosigmoid,
respectively.7,9 The mean value of normal total colonic transit time is about
32 hours for men and 41 hours for women. This difference is even greater
when the right colon transit time is analyzed separately. However, age does
not seem to affect total colonic transit times. In children, although the
rectosigmoid transit time is more prolonged, the total colonic transit time
is similar to the adult, probably due to the proportional reduction of
segmental transit times for the right and left colons.9

Colonic transit time assessment is especially indicated in the evaluation
of patients with chronic idiopathic constipation, as it converts an otherwise
hopelessly subjective symptom to an objective part of the medical record.
Segmental transit times can help to uncover causative diagnoses, by stratify-
ing motility disorders into two main patterns: outlet obstruction and
colonic inertia. Outlet obstruction is characterized when the stasis of mark-
ers is limited to the rectosigmoid (Figure 11.2). Association of other tests,
particularly videodefecography and anorectal manometry, is of paramount
importance to diagnose the causative disorder. 

Colonic inertia is characterized by diffuse stasis of markers throughout
the colon, usually more markedly in the right colon. This condition typi-
cally affects young women as a severe and incapacitating symptom. The
etiopathogeny of colonic inertia remains unclear. Lesions of the myenteric
plexus have been demonstrated in patients with colonic inertia; these
lesions can be either primary or related to chronic use of laxatives.10

Colonic inertia can be also associated with other symptoms of visceral stasis,
and a hypothesis of a systemic disorder has been proposed. Its treatment,
however, has been less controversial; total colectomy with ileorectal anasto-
mosis may alleviate symptoms in 80–96% of cases, yet careful patient selec-
tion is mandatory.11 Selection criteria include reassessment of severity of
symptoms (history, transit times, and response to trials of therapy with
laxatives and prokinetics), exclusion of small bowel dysmotility (lactulose
H2 breath test), and exclusion of pelvic floor dysfunction. If dyspeptic
symptoms such as nausea, vomiting, heartburn, and bloating are present,
gastric emptying studies are indicated in order to exclude a generalized
gastrointestinal stasis.

Several factors, including diet, physical activity, and psychologic and hor-
monal factors, may affect digestive transit time results; therefore, significant
variation is expected. However, reproducibility seems to be best for patients
with idiopathic constipation and worst for colonic inertia; therefore con-
sideration should be given to repeat colonic transit studies before colec-
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tomy, in order to secure the diagnosis and improve outcome.12 However,
although proven useful, the value of the assessment of segmental transit
times remains a controversial issue; accurate assessment still requires either
multiple ingestion of markers or multiple abdominal radiographs. 

Videodefecography

Standard propedeutic examinations such as colonoscopy and barium enema
detect essentially anatomic abnormalities, whereas functional disorders will
require a radiographic study that demonstrates the physiologic process
involved during rectal evacuation. Despite the apparent simplicity of the
technique of defecography, defecation is a complex and somewhat poorly
understood phenomenon, and both methodologic standardization and
interpretation are still subjects of research. Specifically, defecography pro-
vides pelvic measurements at rest and during both squeeze and pushing,
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Figure 11.2 Colonic transit study on fifth day of study showing retention of markers in the
rectosigmoid colon (outlet obstruction pattern).
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which are used to assess evacuation dynamics, anatomic detail, and rectal
emptying. As a result, defecography allows the diagnosis of disorders such
as paradoxical puborectalis contraction and excessive perineal descent
syndromes, rectocele, intussusception, enterocele, and sigmoidocele.

The current patient preparation regimen for videodefecography includes
a disposable phosphate enema 30 minutes prior to the procedure. With the
patient initially placed in the left lateral decubitus position, a small amount
(50 ml) of barium suspension is injected into the rectum in order to coat the
rectal mucosa and enhance the contrast imagery, and a small amount of air
is insufflated to outline the rectal mucosa. Subsequently, 250 ml (500 g) of
a thick barium paste, assembled into a caulking gun to facilitate injection is
introduced; less may be used if the patient experiences rectal fullness prior
to that. The X-ray table is tilted upright to a 90� angle and the patient is
comfortably seated on a water-filled radiolucent commode. In order to
improve obtained imagery and reproduce normal physiology as closely as
possible, a number of special commodes equipped with radiographic filters
such as copper strips and water containers have been designed.13 Lateral
films of the pelvis can be taken at rest and during both squeeze and push
for measurements. The patient is then asked to evacuate the rectal contents
and, with the aid of fluoroscopy, the process of defecation is recorded on
videotape. To study all phases of defecation effectively, the use of video record-
ing is crucial in defecography, which is also known as cinedefecography,
videodefecography, or videoproctography. By replaying the examination,
the entire process of defecation can be reviewed, and the effects of abnor-
malities such as rectocele, intussusception, and nonrelaxing puborectalis in
rectal emptying can be better evaluated, not only by the investigator but
also by the referring physician.

Technical variants have been proposed in an attempt to enhance the diag-
nostic capability of defecography, specifically to assist delineation of deep
cul-de-sac pouches, enterocele, and sigmoidocele. Oral ingestion of 150 ml
of barium contrast 1–3 hours prior to the examination may assist in the
delineation of pelvic small bowel loops. The use of a tampon soaked in an
iodine contrast medium placed in the posterior fornix of the vagina, either
as an isolated method or combined with a voiding cystography (colpocysto-
defecography), also helps to assess the depth of the rectogenital fossa and
the eventual interposition of intra-abdominal content between the rectum
and vagina. Dynamic anorectal endosonography has been recently pro-
posed to evaluate enterocele during evacuation by measuring the change in
the peritoneal–anal distance;14 However, further studies are needed to prove
its sensitivity for screening of this disorder. Dynamic pelvic resonance has
also been proposed to investigate complex pelvic disorders, particularly in
the diagnosis of cul-de-sac hernias and their contents, but despite an
approximately 10-fold increase in cost, dynamic pelvic resonance imaging
does not seem to have any significant advantage over videodefecography.15
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Essentially, static proctography has been used to measure anorectal angle,
perineal descent, and puborectalis length. The anorectal angle (ARA),
better defined as the angle between the axis of the anal canal and the distal
half of the posterior rectal wall, is the most quoted measurement on defeco-
graphy.13 The ARA is thought to be the result of the anatomic configura-
tion of the U-shaped sling of puborectalis muscle around the anorectal
junction. The resting ARA ranges from 70 to 140�, with mean of 92–114�.
During evacuation, this angle becomes more obtuse, (110–180�), and more
acute during squeeze (range 75–90�). Perineal descent is quantitatively
defined by measuring the vertical distance between the position of the ARA
and a fixed plane from the levator ani muscle to the pelvis, represented by
the pubococcygeal line. The normal pelvic floor position is up to 1.8 cm
below the pubococcygeal line at rest and up to 3.0 cm below the pubo-
coccygeal line during maximal push effort; therefore, abnormally increased
perineal descent has been classically defined as descent of more than 3.0 cm
during evacuation compared with the value measured at rest. The pubo-
rectalis length is measured as the distance between the ARA and the pubic
symphysis. The resting puborectalis length ranges from 14 to 16 cm. During
squeeze, the puborectalis length is shorter (12–15 cm), and during evacua-
tion, the muscle length increases (15–18 cm). Comparison of these meas-
urements, along with the ARA, corroborates with the diagnosis of
paradoxical puborectalis syndrome. However, wide ranges of normal val-
ues for each of these parameters are observed, and the exact value of any of
these isolated parameters is of relatively little consequence. Instead, the role
of static proctography is to provide a basis for relative comparison among
resting, squeezing, and pushing values in a single patient. 

Causative or associated ‘anatomic’ abnormalities, such as nonrelaxing
puborectalis (puborectalis indentation), rectocele, internal rectal prolapse,
sigmoidocele, and enterocele, can all be diagnosed by defecography. These
findings, particularly a small rectocele and an intussusception, may be
found in 25–77% of asymptomatic individuals.13,16 Failure to recognize
these variants of normal can easily lead to overdiagnosis and overtreatment.
Therefore, a treatment decision should be made based upon both clinical
history and evaluation of rectal emptying during videodefecography.
During defecography, most individuals evacuate their rectum within 15–20
seconds; factors affecting rectal emptying rate include consistency of con-
tents and patient embarrassment. Patients must be reassured and fully
informed regarding the importance of the defecographic findings in their
therapeutic approach. 

Clinical applications

Defecography is particularly indicated in patients with chronic idiopathic
constipation, to exclude causes of obstructed defecation. Additionally, in
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patients with idiopathic fecal incontinence, specifically when a history of
chronic straining during evacuation is reported, defecography can be helpful
to exclude internal rectal prolapse. Defecography can also help uncover
causative disorders in patients with solitary rectal ulcer and chronic idiopathic
rectal pain. 

Nonrelaxing puborectalis syndrome

Nonrelaxing or paradoxical contraction puborectalis syndrome, also
described as anismus or spastic pelvic floor, is a complex and poorly under-
stood entity. It is characterized by paradoxical contraction, rather than
relaxation, of the puborectalis and other striated pelvic floor muscles dur-
ing attempted evacuation (Figure 11.3). The etiology of this dysfunction is
obscure, but the behavioral disorder theory, based on uncoordinated relax-
ation of the striated anal sphincters during defecation, has been supported
by a noticeable symptomatic improvement noted after biofeedback therapy.17

Although the exact incidence of nonrelaxing puborectalis syndrome
remains unknown, it apparently represents an important etiologic factor in
chronic idiopathic constipation. Typical clinical manifestations of non-
relaxing puborectalis syndrome include symptoms of obstructed evacuation
such as straining, tenesmus, and the sensation of incomplete evacuation as
well as frequency of suppository or enema use or digitation. Physical exam-
ination may be suggestive of paradoxical contraction of the EAS and pubo-
rectalis muscle; however, patient embarrassment may cause a ‘paradoxical
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Figure 11.3 Paradoxical contraction puborectalis syndrome. Note an identical anorectal
angle at rest and during push.

11 Chapter 1414  9/30/05  1:47 PM  Page 146



reaction’. Defecography and electromyography provide the best assessment
of puborectalis muscle function. Electromyography assesses EAS and pubo-
rectalis neuromuscular activity, whereas cinedefecography allows measure-
ment of the ARA, which is directly related to sphincter muscle activity.
Defecographic criteria of nonrelaxing puborectalis syndrome include failure
to open the ARA, persistence of the puborectalis impression during attempted
defecation, an overly capacious rectum, a long and persistently closed anal
canal, ballooning of the rectum, and the presence of compensatory anterior
and posterior rectoceles. These findings can be associated with nonemptying,
incomplete emptying, or even total evacuation after prolonged and difficult
attempts.

Although useful, both defecography and electromyography have their
own limitations. Voluntary contraction of the pelvic floor due to embar-
rassment may simulate a functional disorder on defecography. Likewise, the
inability to relax the sphincter may occur during pushing as a response to
fear or pain during the electromyographic assessment. Therefore, sensitiv-
ity, specificity, and predictive values of both electromyography and defeco-
graphy are suboptimal, and the association of these tests may be necessary
to permit optimal data accrual.18 Nevertheless, defecography is probably
superior, as it can detect associated abnormalities and demonstrate both
dynamics of evacuation and rectal emptying. Although false-positive results
may ensue due to the patient’s fear of evacuating in front of others, the
patient can be asked to evacuate in the privacy of a bathroom followed by
fluoroscopic reassessment of the evacuated rectum. 

Perineal descent syndrome

The perineal descent syndrome is the result of a vicious cycle involving
excessive and repeated straining, protrusion of the anterior rectal wall into
the anal canal, sensation of incomplete evacuation, weakness of the pelvic
floor musculature, further straining, and ensuing progressive pelvic floor
weakness. During defecography, increased dynamic perineal descent is con-
sidered when perineal descent exceeds values of 3.0 cm during a maximal
push effort compared with values measured at rest.13 Increased fixed
perineal descent is described as perineal descent exceeding 4.0 cm at rest.

Excessive perineal descent is physical evidence that is indicative of pelvic
floor weakness; however, it may merely represent one facet in a constellation
of varied symptoms and findings. Patients with abnormally increased perineal
descent may present with rectal prolapse, partial or major incontinence,
obstructed evacuation, solitary rectal ulcer syndrome, or vague symptoms of
incomplete evacuation or rectal pain. 
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Rectocele

Rectocele represents herniation of the rectal wall, with the anterior being
much more common than the posterior. This condition is more prevalent in
females, and factors such as multiparity and traumatic vaginal deliveries,
which weaken the rectovaginal septum, are commonly implicated. The clin-
ical history can be highly suspicious, as patients generally report either the
need to press the posterior vaginal wall or rectal digitation in order to assist
defecation. The presence of a rectocele can be assessed during physical
examination by curving the examining finger and pressing it against the
anterior rectal wall until it appears in the vagina, on the other side of the
perineal body.

Prior to deciding a treatment option for a rectocele, it is crucial to assess
both its clinical significance and concomitant functional disorders. Small rec-
toceles, less than 3.0 cm, can be found in up to 70% of asymptomatic
women; however, rectoceles of greater diameter (�3.0 cm), with prolonged
or even absent emptying, may very likely cause symptoms of constipation.
However, the size of a rectocele as an isolated parameter does not seem to
correlate with the severity of symptoms.19 Common associated abnormalities
include excessive perineal descent, enterocele, colonic inertia, and non-
relaxing puborectalis syndrome. Rectoceles can be found in up to 45% of
patients with emptying disorders due to nonrelaxing puborectalis syn-
drome.20 This type of rectocele usually represents a compensatory mechanism
due to the functional closure of the anal canal during attempted defecation
and consequently high intrarectal pressure. Under these circumstances, this
finding is of primary importance, as biofeedback therapy rather than surgical
treatment should be indicated.

Cul-de-sac hernias: enterocele and sigmoidocele

The cul-de-sac or pouch of Douglas can progressively extend caudally
between the rectum and vagina and, in varying degrees, even as far as the
perineum. Eventually, it progresses to become the site of a cul-de-sac or
vaginal hernia. The hernia contents can include the omentum, small bowel
and, occasionally, an elongated loop of sigmoid. Sigmoidocele, similar to an
enterocele, is usually a component of a complex entity known as pelvic
laxity or pelvic relaxation. This results from weakening of the supporting
tissues of the vagina and pelvic diaphragm. Therefore, several defects may
coexist, including excessive perineal descent, anterior rectocele, rectoanal
intussusception or overt rectal prolapse, cystocele, or vaginal or uterine
prolapse (Figure 11.4). 

Enteroceles have been classified as primary when factors such as multipar-
ity, advanced age, general lack of elasticity, obesity, constipation, or increased
abdominal pressure are present; they are considered secondary following
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previous gynecologic procedures, specifically vaginal hysterectomies. The
incidence of enterocele at 1 year or more following vaginal hysterectomy
ranges from 6 to 25%; however, the incidence can be significantly reduced by
suturing the uterosacral ligaments and obliterating the cul-de-sac.21
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Figures 11.4 (a) and (b) During push (b), anterior rectocele, retoanal intussusception,
second-degree sigmoidocele, and excessive perineal descent are noted.

(a)

(b)
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The pathophysiology of sigmoidocele in obstructed defecation is complex
and several mechanisms may be involved, including collapse of the rectum,
direct compression by the hernia contents, and stasis in the sigmoid. The
contents of a cul-de-sac hernia split the fascia of Denonvilliers and weaken
the rectovaginal septum. Consequently, the anterior rectal wall is exposed
to the direct action of the abdominal pressure. Therefore, a collapse of the
rectal ampulla, which is also influenced by factors such as the gradient of
pressure and rate of flow, occurs during straining. In addition to a deep
rectogenital pouch and slackening of the supporting structures of the
uterus, intraoperative findings in these patients frequently include a long
sigmoid loop and elongated proximal mesorectum. Unlike the small bowel,
a herniated sigmoid is more prone to stasis due to the larger diameter and
more solid contents. Consequently, symptoms of pelvic discomfort, sensation
of incomplete evacuation, and prolonged straining can be more severe in
patients with sigmoidocele.

Although a severe cul-de-sac hernia can be diagnosed during physical
examination, as prolapse of the upper posterior vaginal wall during Valsalva
maneuver, more accurate assessment of this entity, especially sigmoidocele,
became possible only after the advent of defecography. Adequate technique
to optimize the diagnosis of sigmoidocele on defecography includes the use of
videorecording, systematic instillation of air and barium suspension, and
injection of a substantial amount of barium paste. If necessary, the test may
be performed 1–3 hours after ingestion of barium contrast medium to
delineate small bowel loops. Other technical modifications recommended
include the association of colpocystography and peritoneography. 

In order to differentiate an incidental finding from a clinically significant
sigmoidocele, a classification system has been proposed.22 This classifica-
tion is based on the degree of descent of the lowest portion of the sigmoid
loop during maximum straining in relation to the following pelvic anatomic
landmarks: pubis, coccyx, and ischium. First-degree sigmoidocele corre-
sponds to an intrapelvic loop of sigmoid which does not surpass the pubo-
coccygeal line, second-degree sigmoidocele is noted when the sigmoid loop
is situated below the pubococcygeal line but remains above the ischio-
coccygeal line, and third-degree sigmoidocele is considered if the sigmoid
loop transcends the ischiococcygeal line. This classification system yielded
excellent correlation between the mean level of sigmoidocele, degree of
sigmoid redundancy, and clinical symptoms.

Intussusception

Intrarectal and rectoanal intussusception represent initial phases of rectal
prolapse: a fold develops in the rectal wall during push and prolapses into
the rectum. Subsequently, the intussusception descends to obstruct the anal
canal and finally becomes an external prolapse. As with rectocele, intussus-

150 Practical guide to female pelvic medicine

11 Chapter 1414  9/30/05  1:47 PM  Page 150



ception can represent either a mere defecographic finding or can be the
cause of obstructed defecation. Criteria of clinical importance include the
presence of transverse or oblique infolding of �3 mm of thickness, formed
by invagination of the rectal wall, causing obstruction to rectal evacuation.
These findings must be interpreted in light of the patient’s clinical history.
More advanced degrees of intussusception can cause rectal pain or even
lead to solitary rectal ulcer syndrome, with discharge of blood or mucus
through the rectum.

Electromyography

Anal electromyography (EMG) is the recording of myoelectrical activity
from the striated sphincter at rest, during voluntary and reflex contraction,
and simulated defecation. This study can be performed using needle, wire,
or cutaneous patch electrodes. The concentric needle EMG has achieved
more widespread acceptance in North America than other techniques. The
sphincter muscle halves are independently examined both at rest and dur-
ing squeezing, coughing, and attempted evacuation. A normal study is
defined as the recruitment of an ample number of motor units with normal
amplitude and duration while squeezing and coughing, and either electrical
silence or a marked decrease in motor unit potentials during pushing. 

Conventional concentric needle EMG is especially valuable in the assess-
ment of fecal incontinence by providing quantification of motor unit poten-
tials (MUPs), mapping EAS defects, and assessing reinnervation patterns
(Figure 11.5). Decreased recruitment of MUPs is found in approximately
60% of patients with fecal incontinence, and polyphasic MUPs can be
demonstrated in 40% of these patients).23 Increased amplitude and dura-
tion of MUPs may also be demonstrated in injured areas. These findings are
characteristic of injury, denervation, and subsequent partial reinnervation
of the EAS and puborectalis from adjacent intact neuromuscular units. 

Reinnervation, however, seems to be best assessed with single-fiber EMG,
as extensive muscle atrophy results in insufficient MUPs to be evaluated
with the concentric needle electrode. Single-fiber EMG allows calculation of
fiber density, which is the mean number of single muscle fiber action poten-
tials recorded within the electrode uptake area. Normally, at least four
needle insertions are required with small adjustments of the position of the
electrode during the recording process in order to calculate the mean num-
ber of single-fiber action potentials for 20 different positions within the
muscle. The normal single-fiber EMG value for the EAS is 1.5 � 0.16, and
it increases with age and in incontinent patients. Although single-fiber
EMG permits quantification of the injury, it does not alter clinical manage-
ment any more than does concentric needle EMG. Moreover, single-fiber
studies are more uncomfortable for the patient than are concentric needle
examinations. Noninvasive surface or anal plug electrodes have also been
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proposed; however, detailed findings of denervation and reinnervation are
less likely to be demonstrated with these devices. In patients with idiopathic
constipation, EMG may corroborate with the diagnosis of nonrelaxing
puborectalis syndrome if doubt persists after defecography. Failure to
achieve a significant decrease in the electrical activity of the EAS and pubo-
rectalis during attempted evacuation is considered as a criteria for the EMG
diagnosis of nonrelaxing puborectalis syndrome. For this particular purpose,
surface electrodes may be of use. 
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Figures 11.5 (a) and (b) Electromyographic (EMG) tracings showing normal (a) and
decreased recruitment of motor unit potentials (MUPs) along with polyphasic MUPs (b).

(a)

(b)
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Pudendal nerve terminal motor latency

Pudendal nerve terminal motor latency (PNTML) measurement is a simple
method of assessing pudendal nerve function. This test indicates the
integrity of the distal motor innervation of the pelvic floor musculature.
PNTML measurement is assessed transrectally with the patient placed in
the left lateral decubitus position. The sensor consists of two stimulating
electrodes located at the tip of the index finger of a glove and two surface
recording electrodes incorporated into its. The ischial tuberosities are used
as landmarks in the assessment of the pudendal nerves. Stimuli of 22 mV
amplitude and 0.1 ms duration are applied to the nerves. These stimuli are
given at 1 s intervals while the tip of the finger is gradually moved until the
sphincter is felt to contract around the base of the finger and the motor unit
action potential achieves a maximum amplitude. The latency from each
stimulus to the evoked muscle action potential in the EAS is recorded on
each side. The mean PNTML is calculated from the best amplitude meas-
ured. The normal value of PNTML is 2.0 � 0.2 ms.2 Latencies greater than
2.2 ms are considered excessive and representative of pudendal neuropathy
(Figure 11.6).

PNTML is particularly important in suspected neurogenic incontinence
and in parous women prior to sphincter repair. This test is the most impor-
tant predictor of functional outcome after sphincter repair, as neuropathy,
even when unilateral, is associated with poor postoperative functional
results.24 However, PNTML is not a quantitative method; it is a measurement
of the fastest motor conduction in the pudendal nerve. Although normal
PNTML does not exclude partial damage, when prolonged, pudendal
latencies seem to be reliably related to neuropathy. 

Abnormally prolonged PNTML is usually found in patients with other
pelvic floor disorders such as constipation with chronic straining, rectal
prolapse, solitary rectal ulcer, and descending perineal syndrome.
Neuropathy due to stretching of the pudendal nerve has been implicated, in
theory, to explain the prolonged PNTML in those patients with chronic
straining at stool. This entrapment/stretch theory is also thought to be the
mechanism of pudendal lesion during vaginal delivery. However, a lack of
correlation between perineal descent measurements and PNTML values has
been demonstrated recently, and therefore other mechanisms may be
involved.25

Anal endosonography

Anal endosonography has been proven useful for mapping IAS and EAS
defects, and a high correlation with EMG mapping has been demonstrated in
patients with traumatic fecal incontinence.26 The different echogenic patterns
of the anal sphincters facilitate their visualization during endosonography.
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The IAS is a 2–3 mm thick circular band and shows a uniform hypo-
echogenicity. The puborectalis and the EAS, despite their mixed linear
echogenicity, are both predominantly hyperechogenic, and the distinction is
made by position, shape, and topography (Figure 11.7). Although unable to
assess denervation, anal endosonography (by locating EAS and IAS defects)
is better accepted by patients than EMG mapping (Figure 11.8). In addition,
anal endosonography may be useful in detecting small perianal abscesses in
patients with idiopathic anal pain and enteroceles.

Clinical application

Colonic transit study, anal manometry, cinedefecography, EMG, and
PNTML assessment are considered standard physiologic studies. Through
this physiologic investigation, treatable conditions of the colon, rectum,
and anus can be diagnosed in 67% and 55% of patients with constipation
and fecal incontinence, respectively.1,2 In patients with rectal pain, however,
these tests permit definite diagnosis in only 18%, and this condition
remains poorly understood and refractory to therapy. In addition, these
tests can be helpful preoperatively, whenever the anal continence status may
be endangered due to the nature of the procedure or a pre-existent disorder
affecting the mechanism of continence. In summary, physiologic testing per-
mits objective assessment and post-therapeutic documentation of subjective
functional colorectal disorders. Increasing experience with these methods will
ensure a new perspective of evaluation of these highly prevalent and, at times,
incapacitating symptoms. Finally, because the pelvic floor is an integrated
functional structure, these disorders should be handled by a multidisciplinary
approach, based on the intercommunication among urologists, gynecologists,
gastroenterologists, neurologists, and colorectal surgeons.

Physiologic evaluation of the colon, rectum, and anus 155

11 Chapter 1414  9/30/05  1:47 PM  Page 155



156 Practical guide to female pelvic medicine

Figures 11.7 (a) and (b) Normal echogenic patterns of the anal sphincters. (a)
Puborectalis: U-shaped hyperechogenic band at the upper anal canal. (b) Internal anal
sphincter 2–3 mm thick hypoechogenic circular band. (c) External anal sphincter
hyperechogenic circular band at the distal part of the anal canal.

(a)

(b)

(c)
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Introduction

The commonest types of urinary incontinence presenting to the urologist
and gynecologist are stress urinary incontinence (SUI) and that associated
with detrusor overactivity (Figure 12.1). It is essential to differentiate
between the two. This can be done by multichannel cystometry studies
(CMG) or videofluorourodynamics (VFUD) (Figure 12.2). 

Behavioral modification

Bladder diary

After assessing primary urine loss symptoms, an assessment of severity of
incontinence is made by a 3- or 7-day bladder diary. The patient is asked to
record oral liquid intake and timing of all the voids during the day. Episodes
of urgency and incontinence are also recorded. This instrument provides
baseline information and serves as a tool to monitor progress made during
therapy. If urine loss-precipitating events are noted, additional useful
information is obtained.

Bladder training

Bladder training is mainly used for women with overactive bladder (OAB).
The main components of bladder training (or retraining) are patient educa-
tion and timed voiding. The overall goals are increasing the interval
between voids, with a concomitant reduction in the number of incontinent
episodes. A target is set for a voiding interval of 1 hour in the first week,
even if the woman has no desire to void. Pelvic floor contractions may be
used to suppress sensations of urgency. Voiding intervals are increased
incrementally by 15–30 minutes every week until the desired voiding inter-
val of 2.5–3 hours is achieved. Bladder training has been found to be more
effective than drug therapy or placebo as a first-line treatment of urgency-
related incontinence.1

Chapter 12

Management of urinary
incontinence
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Hypnotherapy

Freeman and Baxby first reported on the role of hypnotherapy for detrusor
overactivity (DO).2 They found a 96% cure or significant improvement rate
at conclusion of treatment. When evaluated at 12 months, 70% of women
continued to have symptom relief. They also demonstrated improvement in
objective cystometric parameters in these women. 

Pelvic floor muscle training

Pelvic floor muscle training (PFMT) is a well-established therapy in the
management of urinary incontinence.3 It is a widespread recommendation
that PFMT should be offered as first-line conservative management to
women with stress and/or mixed incontinence.
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Classification of urinary incontinence

Stress incontinence

Detrusor
   overactivity (DO)
Idiopathic
Neurologic
Cerebrovascular disease
Multiple sclerosis
Parkinson’s disease
Senile dementia
Tumors
Meningomyelocele

Overflow incontinence
Radiation cystitis
Atonic bladder
Lower motor neuron
   lesions
Autonomic neuropathy
(diabetes)
Hypothyroidism

True anatomic incontinence
Fistulae
Diverticula
Ectopic ureter

Hormonal
Pregnancy (reversible)
Menopause
Pharmacologic

Anatomic
Bladder beck hypermobility
Intrinsic sphincter deficiency (ISD)
or low-pressure urethra

Local causes
Infections of the bladder,
   trigone and urethra
Bladder stones
Bladder tumors

Figure 12.1 Classification of urinary incontinence.
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PFMT aims to isolate the levator muscles and contract them so as to be
able to stop urination. A clinician should teach the patient to contract her
pelvic floor muscles during a pelvic examination. The contractions are held
for 10 seconds and are repeated at 15-second intervals. ‘Quick flick’ con-
tractions are important for women with stress incontinence. The abdomi-
nal, buttock, and thigh muscles should be kept relaxed at all times. A
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Management of urinary incontinence

History and Physical
examination

Urodynamic studies

Overactive bladder

Behavioral modification
Timed voiding
Bladder retraining
Hypnotherapy

Pharmacotherapy
Oxybutynin
Tolterodine
Trospium

Vaginal devices
Smith–Hodge pessary
Bladder neck support prosthesis
Tampons
Diaphragms

Medications
Topical estrogens
Duloxetine

Pelvic floor muscle training (PFMT)
Kegel’s exercises
Biofeedback
Vaginal cones
Functional electrical stimulation (FES)

Stress incontinence

Surgery
Detrusor myomectomy
Augmentation cystoplasty

Minimally invasive
Bulking agents:
   Macroplastique
   Contigen
   Zuidex
Sacral neuromodulation
Radiofrequency application

Suprapubis surgery
Retropubic urethropexy:
   Burch colposuspension
   MMK procedure
Lap colposuspension
Paravaginal repair

Suburethral slings
Autologous slings:
   Rectus abdominus
   Fascia lata
Cadaveric fascia:
   Tutoplast
   Freeze dried
Animal derived:
   Porcine dermis
   Intestinal mucosa
Synthetic materials:
   Prolene (TVT)
   TOT

Figure 12.2 Management of urinary incontinence.
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patient may monitor her own progress by placing her index finger intrav-
aginally while contracting her pelvic floor. Alternatively, a pneumatic peri-
neometer maybe used to demonstrate strength of a pelvic floor contraction.
Two-thirds of women whose initial treatment was successful and were com-
pliant in performing regular PFMT had favorable outcomes in a 10-year
follow-up.4

Vaginal cones

Weighted vaginal cones are an aid to help women identify and train their
pelvic floor muscles. These cones are tampon-sized and available in sets of
five (or more) incremental weights. The lightest cone is initially inserted in
the vagina, and the pelvic floor contracted during ambulation. Once the
woman is able to retain a cone successfully, while ambulant, she proceeds
to the next heavier cone. In a systematic review, cones were found to be as
effective as PFMT, although adding the two modalities did not confer any
benefit.5 Discontinuation rates, however, are higher in women using cones.

Biofeedback

Biofeedback is defined as a behavioral treatment modality for incontinence
used to teach acquisition of voluntary inhibition of detrusor contractions.
Biofeedback is meant to promote greater selective control over pelvic floor
muscles and reduce both stress and urge incontinence. Biofeedback tech-
niques use vaginal or rectal pressure sensors or electromyography (EMG)
electrodes. The patient is able to visualize actual pressure increases or EMG
activity generated by each pelvic floor contraction. Simultaneous abdomi-
nal wall EMG helps patients identify Valsalva maneuvers that are counter-
productive and may worsen incontinence. Data from one trial6 suggest that
women with biofeedback-assisted PFMT might experience more rapid
improvement than PFMT alone. A subgroup that may benefit from 
biofeedback-assisted PFMT comprise those women who are not able to
voluntarily contract their pelvic floor muscles at pretreatment assessment.7

A randomized trial comparing biofeedback-assisted behavioral treatment
with oxybutynin for urge incontinence found significantly more relief in the
number of incontinence episodes and long-term continuity of treatment in
the former group.8

Functional electrical stimulation

The proposed mechanism of functional electrical stimulation (FES) is alter-
ation of lower urinary tract function by stimulation of the sacral autonomic
or somatic nerves. There may also be a direct stimulatory effect on pelvic
floor muscles and sphincters. The stimulation probe is placed in the vagina
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at the level of the pelvic musculature in the mid-vagina. During stimulation,
the probe is held by the patient to prevent any migration and possible dis-
comfort. FES current is pulsed: i.e. short periods of stimulation are alter-
nated with rest periods. The strength of the stimulus is adjusted to avoid
pain. Low frequency (10–20 Hz) is used for overactive bladder, mid-
frequency (50–100 Hz) for stress incontinence, and high frequency (200
Hz) for urinary retention. A review of trials of FES for SUI showed cure in
18% and improvement in 34% of patients.3 In the treatment of OAB, max-
imal electrostimulation cured 20% and improved 37% of women with uro-
dynamic detrusor overactivity incontinence.1 PFMT appears to offer greater
benefit for women with genuine stress incontinence when compared with
electrical stimulation. It might be that a particular subgroup of women with
stress incontinence benefit from electrical stimulation, such as those who
are unable to voluntarily contract the pelvic floor muscles. Similarly for
OAB, electrostimulation is most beneficial to women who discontinue
drugs due to side-effects. 

Sacral nerve neuromodulation 

Sacral nerve neuromodulation (InterStim) works by direct stimulation of
the nerve roots in the sacral S3 foramen via an implanted electrode. A con-
traction of the external anal sphincter (anal wink) is observed when the S3
nerve root is stimulated. This contraction has latency 10 times longer than
would be expected with a direct efferent stimulation, which shows that it is
an afferent-mediated response. Sacral nerve stimulation has been shown to
be effective in the treatment of urge urinary incontinence.9

Prevention

Control of obesity and pelvic floor exercises in the antenatal and postpar-
tum period have been shown to reduce the risks of developing urinary
incontinence.10 Glazener et al11 evaluated a randomly selected group of
women at 3 months postpartum and found the incidence of UI to be 57%
(�1/week). This had reduced by half at 12 months in women who had
regular instructions in pelvic floor exercises.

Antimuscarinic agents

Overactive bladder is a debilitating condition that affects between 13 and
40% of the female population. Antimuscarinic drugs are currently the
mainstay of treatment.

Oxybutynin is a musculotropic agent that acts distal to the cholinergic
receptor. It acts as a smooth muscle relaxant, anticholinergic, and local
anesthetic. Oxybutynin can be administered by various routes. Orally, a
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newer osmotic drug-delivery system is available that provides rate-
controlled drug delivery over a 24-hour period. The decreased variation in
peak-and-trough drug levels result in lesser side-effects. A 48% response
rate is seen with oxybutynin when given as a rectal suppository. In those
patients who self-catheterize and find the oral route intolerable, an intrav-
esical route is also available. Since most side-effects are metabolite-related,
a transdermal preparation is available that avoids first-pass metabolism in
the liver and is claimed to reduce the incidence of dry mouth by 25%.

Tolterodine is another commonly used agent for treatment of OAB. It has
a high selectivity for M3 muscarinic receptors, and is claimed to have lesser
side-effects. An extended-release preparation is available. Trospium chlo-
ride is a drug that is used as a second-line treatment for OAB. Newer drugs
expected to be available in the near future include darifenacin, solifenacin. 

Surgical options for intractable detrusor
overactivity 

Surgical options for DO include detrusor myomectomy and augmentation
cystoplasty: the latter is more successful, with published success rates
between 70 and 90%.12 However, there are significant morbidities associ-
ated with surgery, and not all women are willing to opt for this alternative
(Table 12.1).

Multimodality approaches

Combining various conservative modalities could result in synergistic ben-
eficial effects. Indeed when physical therapy modalities are combined with
pharmacologic regimens, a 90% reduction in leakages has been noted.13
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Table 12.1 Complications of surgical treatment for stress incontinence

Complication Colposuspension Pubovaginal slings TVT TOTa

Bladder/urethral injury 0–3% ? 5% 0

De-novo OAB 10–20% 2–20% 4–15% ?

Voiding problems 5–20% ? 5–25% 14%

Tape erosion NA 5–16% 0–2% 0

Vascular injury 3% ? 0–2% ?

Prolapse 3–29% NA NA NA

TVT � tension-free vaginal taping,TOT � transobturator taping, OAB � overactive bladder.
a Only one prospective randomized trial.
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Colposuspension

Burch colposuspension remains one of the most effective surgical procedures
for stress incontinence with continence achieved in 85–90% at 1 year and
70% at 5 years. The common side-effects are voiding difficulties in 10%, de-
novo detrusor overactivity in 17%, and enterocele and rectocele formation
in 14%.14 A concomitant cystocele can also be treated by a colposuspension.
Laparoscopic colposuspension has been shown to have similar results in the
medium term. However, there are no long-term data on its efficacy.

Paravaginal repair

This procedure is based on the suburethral ‘hammock’ support hypothesis.
It presumes that breaks in the attachment of the endopelvic fascia to the
arcus tendineus fascia pelvis (ATFP) cause stress incontinence. Paravaginal
repair consists of reattachment of the fascia to the ATFP. Whereas a cohort
study reported 97% success rates, the only randomized study showed it to
be inferior to colposuspension (100% vs 72%).15

Anterior vaginal repair

Anterior repair (with Kelly bladder buttress sutures) has disappointing
long-term results in the treatment of stress incontinence, and is not
recommended. It still has a role in the treatment of prolapse.

Needle suspension

Modifications of Pereyra’s original technique (including Stamey, Raz, bone
anchor systems) have a lower continence rate and a higher complication
rate. This technique has largely been superseded by sling operations. 

Sling procedures

The suburethral (or pubovaginal) slings are highly effective options for pri-
mary treatment and for previously failed surgery. Materials used include
autologous (rectus sheath, fascia lata), allografts (cadaveric fascia lata),
porcine dermal implants, porcine intestinal mucosa, and synthetic materials
(Prolene patch). Complications include vaginal erosion (16%), urethral
erosion (0–5%), and voiding difficulty (2%). 

Tension-free vaginal taping

Tension-free vaginal taping (TVT; Gynecare, Ethicon Inc; Somerville, NJ) is
one of the most popular methods of surgically restoring urinary continence.
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It involves placement of a Prolene tape around the mid-urethra via a mini-
mal vertical anterior vaginal incision. The tape is brought out through two
suprapubic incisions. Check cystoscopy is performed after tape insertion to
detect bladder or urethral perforations. Should a perforation occur, the tape
is withdrawn and reinserted. Once perforations have been excluded, the
vaginal and the suprapubic incisions are closed with absorbable sutures.
TVT can be performed under local anesthetic as well as regional and gen-
eral anesthesia. The procedure results in minimal blood loss, and can be
done in a day-care setting. Major complications are rare and include bowel
and vascular injury. TVT is often combined with prolapse repair surgery. In
these cases, it is prudent to leave a suprapubic or urethral catheter in situ.
Voiding trial is commenced shortly afterwards and the catheter removed
once the post-void residual is less than 100 ml. In a recent randomized trial,
TVT has been shown to have higher cure rates than colposuspension at 
2-year follow-up.16

Transobturator taping

Transobturator taping (TOT) is a relatively newer technique for manage-
ment of urinary incontinence. It is believed to eliminate the risks of bowel
and vascular injury associated with the TVT. A small randomized trial with
1-year follow-up found TOT to be as effective as the TVT, with no major
complications reported.17

Bulking agents

Bulking agents such as Contigen (Bard Inc., Covington, GA) and
Durasphere (Carbon Medical Technologies, St Paul, MN) have been used in
the treatment of incontinence for both the urethral and anal sphincters.
They are believed to work by increase in the resting pressure and tone of
the sphincters. The success rates of both these agents in the treatment of uri-
nary incontinence was 63% at 1 year and 33% at 4 years respectively.18

Macroplastique (Uroplasty BV, Netherlands) has reported success rates
of 60% in women with recurrent SUI.19

Radiofrequency bladder neck suspension

Radiofrequency application is a new treatment for genuine stress urinary
incontinence. The purported mechanism is a thermal effect on the colla-
genated tissue within the endopelvic fascia at the bladder neck. This causes
shrinkage of the fascia, thereby reducing bladder neck hypermobility.
Radiofrequency has been used in trials both vaginally and laparoscopically
with cure/improvement rates of 73–83% at 1 year.20,21 However, long-term
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data are needed on safety and efficacy before it can be commended to
clinical practice.

Duloxetine

Duloxetine is an a-adrenergic agonist that has recently been introduced as
a treatment for stress and mixed urinary incontinence. Recent studies have
shown it to be superior to placebo.

Artificial sphincters

Artificial sphincters are mainly used after failed continence surgery.
Although the success rate for this indication is high (92%), there is high
morbidity and need for revision surgery (17%) due to cuff erosion or device
malfunction.22
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Introduction

The incidence of genital prolapse is estimated to be 25% when the leading
edge of the prolapse is at the hymen or below.1 Management is deter-
mined by multiple factors, including concomitant compartmental defects,
co-incidence of incontinence, and patient goals and expectations.
Conservative therapy consists of space-occupying pessaries. Surgical ther-
apy incorporates many principles of abdominal wall hernia repair applied
to advanced vaginal and pelvic reconstructive procedures. 

Surgical correction of vaginal prolapse can be accomplished through a
vaginal, abdominal, or laparoscopic approach. The appropriate surgical
approach is determined by several factors, including the preoperative eval-
uation of concomitant vaginal support defects, the presence of inconti-
nence, history of previous pelvic surgery, the patient’s surgical risk, and the
surgeon’s training and skill level.

Non-surgical therapy

Pessary

The increase in the elderly population requiring conservative treatment of
prolapse has led to a resurgence of pessary use. Pessaries function as intrav-
aginal space-occupying devices, which hold the pelvic organs in place.
Multiple different shapes and sizes are available, and have indications for
treatment of prolapse as well as stress urinary incontinence. Clinical use of
the pessary is based on a ‘best fit, trial and error’ process. The best pessary
elevates the prolapse and remains in place during ambulation. It should rest
comfortably in the vaginal canal without causing pain or obstruct voiding
or bowel function. For advanced prolapse, Gelhorn pessaries work best,
although ring pessaries may be easier to insert and remove.

Pessary care recommendations should be followed closely for safe long-
term use. For patients able to remove and reinsert the pessary, the device
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may be removed nightly or at least two nights per week. Follow-up with the
clinician should be every 6 months to assure vaginal mucosal health and
proper fit and placement. The patient who is unable to care for the pessary
herself must be seen by the clinician on a regular basis every 6–8 weeks for
pessary cleaning and reinsertion and vaginal mucosal examination. Patients
must be encouraged to use intravaginal estrogen regularly to prevent vagi-
nal ulceration from foreign body use within the vagina, especially with the
postmenopausal patient. The typical dosage is 1 g inserted with an applica-
tor two nights per week. This low dosage does not result in systemic
absorption of estradiol.2

Surgical therapy

Repair of the anterior wall (cystocele)

The successful management of anterior vaginal wall prolapse remains one
of the greatest challenges for the pelvic reconstructive surgeon. The anterior
vaginal wall is the compartment most likely to demonstrate recurrent pro-
lapse after reconstructive surgery, with recurrence rates as high as 20%.3,4

Advanced anterior vaginal prolapse can result from defects in several
areas of pelvic support including:

1. attenuation or tears of the vaginal fibromuscular layer (fascia) in the
midline (central defect)

2. loss of lateral attachments from the anterior vagina to the pelvic
sidewall (lateral or paravaginal defect)

3. loss of bladder neck support
4. separation of the fibromuscular layer (fascia) transversely from the

vaginal apex.

Recent observations have shown that this last anatomic alteration probably
occurs with the greatest frequency. More importantly, lack of re-attachment
of this layer to the vaginal apex is probably responsible for most cystocele
recurrences postoperatively.

Anterior colporrhaphy

Anterior vaginal prolapse resulting from a central defect is best corrected
through a transvaginal approach. The anterior colporrhaphy was popular-
ized by Howard Kelly in 1912, and although no longer an acceptable treat-
ment for stress urinary incontinence, it still remains a commonly used
technique for transvaginal correction of anterior vaginal prolapse. A mid-
line vaginal incision is made, and dissection is carried laterally to separate
the vaginal epithelium from the endopelvic fascia to each lateral sulcus.
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After completing the dissection, the endopelvic fascia is plicated in the mid-
line, thereby repairing the central defect and elevating the bladder base and
anterior vagina. The bladder neck can be preferentially supported by pli-
cating the periurethral tissue underneath the bladder neck (Kelly plication).
Most importantly, the plicated fascia must be reattached to the vaginal
apex. The excess vaginal epithelium is then trimmed and the incision is
closed. A 2-0 polyglycolic acid Vicryl suture is used. A vaginal pack is then
placed for postoperative hemostasis. 

Outcomes of the traditional anterior colporrhaphy are largely limited to
retrospective reviews and case series. The reported recurrence rates after
anterior vaginal wall prolapse repair have been quite high (range: 0 to
59%).3–5

Paravaginal defect repair

The goal of the paravaginal defect repair is to correct anterior vaginal wall
prolapse that results from loss of lateral support by reattaching the lateral
vaginal sulcus to its normal lateral attachment site (arcus tendineus fascia
pelvis (ATFP) or white line of the pelvic sidewall). Paravaginal defect
repairs can be performed retropubically or vaginally.

Abdominal approach

The retropubic space is entered through an abdominal incision, and the
bladder is retracted medially to expose the paravaginal space. The obtura-
tor fossa, neurovascular bundle, and ischial spine are identified. The sur-
geon’s nondominant hand is then placed into the vagina and used to elevate
the lateral superior vaginal sulcus to its site of normal attachment along the
course of the ATFP. Four to six simple interrupted stitches of nonabsorbable
suture (No. 0 or polypropylene) are used to reattach the lateral vagina to
the ATFP. The first suture is placed through full thickness (excluding the
vaginal epithelium) of the lateral vaginal apex and then through the ATFP
just distal to the ischial spine. Additional sutures are placed at 1 cm inter-
vals through the lateral vaginal wall and along the entire course of the ATFP
to the inferior edge of the pubic symphysis.

Vaginal approach

Paravaginal defect repair using the transvaginal approach can be more chal-
lenging than the retropubic approach, but offers the advantage of avoiding
an abdominal incision and facilitating a concurrent central defect repair for
those women with loss of midline as well as lateral anterior vaginal support. 

A midline vertical incision is made through the vaginal epithelium from the
mid-urethra to the vaginal apex. The vaginal epithelium is then sharply
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dissected off the underlying endopelvic fascia, and the dissection is continued
laterally to the pelvic sidewall and to the level of the ischial spine.

Visualization of the adipose tissue of the retropubic space confirms the
presence of a paravaginal defect; the normal lateral attachment of the ante-
rior vaginal wall would preclude this. Four to six interrupted nonab-
sorbable sutures (No. 0 or polypropylene) are placed through the ATFP and
lateral vaginal wall sulcus from the level of the ischial spine to the pubic
symphysis at 1 cm intervals and then sequentially tied.

The paravaginal defect repair has been widely used for correction of ante-
rior vaginal prolapse resulting from lateral vaginal detachment. Like ante-
rior colporrhaphy, the success rate of this procedure for treatment of
anterior vaginal prolapse is limited to case series and retrospective reviews.
Limited reports of abdominal paravaginal repair demonstrate anatomic
success rates ranging from 92% to 97%6 for the abdominal approach.
Reports of vaginal paravaginal repair demonstrate success rates of
76–100%.7 There are few long-term data on laparoscopic paravaginal
repair for the treatment of anterior vaginal prolapse.

Studies that have differentiated lateral from central recurrence have
revealed that a central recurrence (22–25%) is more common than a lateral
recurrence (2–8%).8 To date, there are no studies comparing paravaginal
defect repair with or without midline anterior repair to traditional anterior
colporrhaphy alone.

Rectocele

Rectoceles arise from a tear or stretching of the rectovaginal fascia, result-
ing in defects in the integrity of the rectovaginal septum, and herniation of
the rectal wall into the vaginal lumen. Although there are high rates of
anatomic cures, there are conflicting reports with regard to functional out-
come, and many report postoperative dyspareunia. Gynecologic surgeons
perform this operation on a frequent basis by itself or in conjunction with
other pelvic reconstructive procedures. The restoration of normal anatomy
to the lower posterior vaginal wall is referred to as a posterior repair or
colporrhaphy. 

Although frequently used interchangeably with the term rectocele repair,
the two operations may have vastly different treatment goals. Whereas a rec-
tocele repair focuses on repairing herniation of the anterior rectal wall into
the vaginal canal, which is due to a weakness in the rectovaginal septum, a
posterior colporrhaphy is designed to correct a bulge, if it is present, as well
as provide structural integrity to the posterior vaginal wall and introitus. A
modified repair, the discrete fascial defect repair, shows promising anatomic
and functional results.
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Posterior colporrhaphy technique

Posterior colporrhaphy is commonly performed in conjunction with a per-
ineoplasty to address a relaxed perineum and widened genital hiatus. Allis
clamps are placed on the hymen bilaterally and then approximated in the
midline. The resultant vagina should loosely admit two to three fingers. A
triangular skin incision is made between the Allis clamps, and sharp dissec-
tion is then performed to separate the posterior vaginal mucosa from the
underlying rectovaginal fascia. A midline incision is made along the length
of the vagina to a site above the superior edge of the rectocele. The dissec-
tion is carried laterally to the lateral vaginal sulcus and medial margins of
the puborectalis muscles. The rectovaginal fascia with or without the
underlying levator ani muscles is then plicated with interrupted sutures
while depressing the anterior rectal wall. A concomitant perineoplasty may
be performed by plicating the bulbocavernosus and transverse perineal
muscles. This reinforces the perineal body and provides enhanced support
to the corrected rectocele.

Discrete fascial defect repair technique

The intent of the discrete fascial defect repair of rectoceles is to identify all
present fascial tears and reapproximate their edges. The surgical dissection is
similar to the traditional posterior colporrhaphy, whereby the vaginal
mucosa is dissected off the underlying rectovaginal fascia to the lateral bor-
der of the levator muscles. However, instead of plicating the fascia and leva-
tor muscles in the midline, the fascial tears are identified and repaired with
interrupted permanent sutures. A perineoplasty may be necessary if an
enlarged vaginal hiatus is present. Long-term results of site-specific rectocele
repairs are not available.

Enterocele

Enterocele has been defined as a peritoneum-lined sac herniating through
the pelvic floor, most commonly between the vagina and rectum. Women
with an enterocele often have concomitant vaginal support defects.
Symptoms are often complex and cannot be attributed solely to the entero-
cele. Nonetheless, women with large enteroceles often complain of pelvic
pressure, fullness, vaginal protrusion, and low backache. 

Surgical repair of enterocele can be performed vaginally, abdominally, or
laparoscopically, but few data exist comparing the various repair tech-
niques. The approach and type of procedure performed depend on the 
surgeon’s preference and presence or absence of concomitant vaginal or
abdominal pathology. 
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Traditional vaginal enterocele repair entails isolation of the enterocele sac,
careful exploration of its contents, and closure with multiple circumferential,
nonabsorbable, purse-string sutures incorporating the cardinal–uterosacral
ligaments.

Vaginal enterocele repair

Enterocele usually coexists with other support defects, and concurrent vagi-
nal vault suspension, cystocele, and rectocele repair are often necessary.
Access to the enterocele is gained in a similar fashion as the posterior col-
porrhaphy by separating the endopelvic fascia from the posterior vaginal
epithelium to the level just distal to the vaginal apex. The enterocele is iden-
tified, and the edges of the vaginal epithelium are dissected sharply away
from the enterocele sac. The enterocele sac should be mobilized from the
vaginal walls and rectum. When the enterocele sac is difficult to distinguish
from the rectum, differentiation is aided by a rectal examination with
simultaneous dissection of the enterocele sac from the rectal wall.

After the enterocele sac has been dissected from the vagina and rectum,
traction is placed on it with two Allis clamps and the sac is entered sharply.
The enterocele sac is explored digitally and any adhesions are dissected to
the level of its neck. Under direct visualization, circumferential, non-
absorbable purse-string sutures are used to close the enterocele sac. The
cardinal–uterosacral ligaments may be incorporated as well. The sutures are
sequentially tied. Care should be taken to avoid kinking the ureters, and
cystoscopy is recommended.

Modified McCall culdoplasty

McCall described the technique of surgical correction of enterocele and vault
suspension at the time of vaginal hysterectomy. The McCall culdoplasty
closes the redundant cul-de-sac and associated enterocele, provides apical
support, and lengthens the vagina. Lateral traction is placed on the previ-
ously tagged uterosacral ligaments. In the case of the post-hysterectomy
patient, the remnants of the uterosacral ligaments will be found posterior and
medial to the ischial spines.

Once the uterus is removed, the attachments of the uterosacral ligaments
are easily identifiable. A permanent suture (silk or Prolene) is used to suture
together the uterosacral ligaments along with intervening peritoneum and
full thickness of the vaginal epithelium posteriorly at the apex. The sutures
should be placed through the uterosacral ligaments at a distance from the
cuff equal to the amount of vaginal vault prolapse that is present (Figure
13.1). This will then resupport the vaginal apex to a satisfactory level. We
use the general formula based on the POP-Q examination of TVL-D to
determine how many centimeters above the cuff to place the sutures. In

174 Practical guide to female pelvic medicine

13 Chapter 1414  9/30/05  1:48 PM  Page 174



cases of advanced vault prolapse, two or three McCall sutures may be nec-
essary. Success rates with McCall culdoplasties are quite high, and pelvic
surgeons performing vaginal hysterectomies are encouraged to routinely
perform McCall culdoplasties as part of a vaginal hysterectomy.

Vaginal vault prolapse

Prolapse of the vaginal apex is considered to be an increasingly common
anatomic alteration, and is present in most cases of advanced prolapse. It
is likely that in the past, most cases of vaginal vault prolapse were not
identified properly, resulting in prompt recurrence of prolapse following a
traditional ‘A&P repair.’ In the post-hysterectomy patient, there is usually
a band of scar tissue at the vaginal apex with two dimples on either side
representing the previous attachments of the uterosacral or cardinal liga-
ments. Various options are available for surgical management of vaginal
vault prolapse.

Uterosacral ligament suspension

Analogous to a McCall culdoplasty, identification of the uterosacral liga-
ments and reattachment of the ligaments to the vaginal cuff can result in a
physiologic axis and is the preferred route of vault suspension for many
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Figure 13.1 McCall culdoplasty at the time of vaginal hysterectomy. Sutures are placed
along the uterosacral ligaments such that vaginal length (TVL) is normalized according to
point C and D on the preoperative POP-Q examination.
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surgeons. In cases of mild vault prolapse, this procedure can be readily per-
formed as the uterosacral ligaments can be easily identified. However, in
cases of more advanced vaginal vault prolapse, identifying the uterosacral
ligaments can be quite difficult and there is an increased risk of ureteral
injury. The rate of ureteral injury is reported to be between 11 and 13%.9

The longevity of this technique has not been demonstrated in published
series.

Ileococcygeus suspension

Elevation of the vaginal apex to the ileococcygeus muscle along the pelvic
sidewall may represent the simplest way of addressing vault prolapse.
Permanent, monofilament sutures are placed through the vaginal epithe-
lium into the ileococcygeus muscle and its fascia and tied on either apical
sidewall to resuspend the apex. The simplicity of this technique is attractive
as a full dissection of the vaginal wall is not necessary. However, this tech-
nique will not correct associated anterior and posterior vaginal wall pro-
lapse in most cases. Its main utility will be in the management of isolated
unilateral vaginal vault prolapse, which can occur following a unilateral
sacrospinous fixation, or from a unilateral high paravaginal detachment. In
a patient who is not sexually active, the presence of a monofilament suture
at the vaginal apex should not be associated with dyspareunia and should
not cause significant granulation tissue. Therefore, this procedure is proba-
bly most useful as an adjunct procedure for a patient with an isolated apical
unilateral defect.

Sacrospinous fixation

Elevation of the vaginal apex to the sacrospinous ligament is one of the
most commonly performed vaginal approach vault suspension procedures.
It can be performed unilaterally or bilaterally based on surgeon preference.
The pararectal space is entered after a posterior wall dissection and the
ischial spine and sacrospinous ligament extending from the spine to the
sacrum is identified. The underside of the vaginal apex is then sutured to
the sacrospinous ligament. Traditionally, it is thus performed on the right
side. The bilateral approach may provide a more physiologic correction of
vaginal vault prolapse (Figure 13.2). Any additional reconstructive proce-
dures are then performed. It is important to place the sutures through rather
than around the sacrospinous ligament, as the pudendal nerve, artery, and
vein are located immediately deep to the sacrospinous ligament and signif-
icant morbidity can occur if those structures are damaged. There have been
no other significant complications with this procedure, including no signif-
icant bowel dysfunction with the bilateral approach. The success rate of the
sacrospinous fixation and restoration of vaginal vault support is over 90%
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in multiple series. The main concern with this procedure is the fact that the
vagina is placed in an exaggerated horizontal position. This nonphysiologic
axis results in a higher rate of cystocele formation, reported at around
20–30%.4,10 In addition, if an anti-incontinence procedure is performed
along with a sacrospinous fixation, the rate of voiding dysfunction can
be elevated due to the pulling of the vagina in an anterior-to-posterior
direction by both repairs.

Posterior intravaginal slingplasty/vault suspension

A more recent approach for the restoration of vault support is the use of a
synthetic tape to recreate suspensory ligaments. This technique follows sim-
ilar principles to anti-urinary incontinence minimally invasive mid-urethral
tension-free sling. For the posterior intravaginal slingplasty (IVS), a poste-
rior vaginal dissection is performed at the level of the vaginal apex. The
tape to be secured to the vaginal apex is then placed through bilateral
pararectal incisions about 3 cm lateral and posterior to the anus. A metal
tunneler is guided through the levator muscles and onto the endopelvic fas-
cia over the ileococcygeus muscle or immediately anterior to the ischial
spine and sacrospinous ligament (Figure 13.3). Once the tape has healed, it
becomes a new suspensory ligament for the vaginal apex. This technique
has been noted to result in a more physiologic vaginal axis and normal
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Figure 13.2 Sacrospinous fixation can be performed bilaterally, attaching the vaginal apices
to the ipsilateral sacrospinous ligaments.
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post-hysterectomy vaginal length.7 Its newness precludes any objective
long-term evaluation.

Abdominal approaches to vaginal vault prolapse

Abdominal sacrocolpopexy

Suspension of the vaginal apex through an abdominal incision to the sacral
promontory utilizing a graft bridge is considered by most surgeons to be the
gold standard procedure for vaginal vault prolapse (Figure 13.4). Although
it requires an abdominal incision, the resultant anatomy carries the highest
longevity and least risk of sexual dysfunction and dyspareunia. The proce-
dure entails performing an abdominal incision and exposing the sacral
promontory by incising the peritoneum between the right ureter and the sig-
moid colon. The periosteum is cleared of any connective tissue. Two or
three (2-0 Prolene) sutures are then placed through the periosteum. Since

178 Practical guide to female pelvic medicine

Vagina

White line

Ischial spine

Sacrospinous ligament

Mesh tape

Figure 13.3 Posterior intravaginal slingplasty (IVS). The vaginal apex is suspended to the
tape placed from pelvic sidewall to pelvic sidewall using the Tunneler device.
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significant life-threatening bleeding has been reported in this area, an
option is to place bone anchors with an attached suture to secure the graft
to the sacral promontory periosteum. This technique may minimize prob-
lematic bleeding. Once the sutures have been placed through the perios-
teum, the vaginal apex is identified with an EEA obturator or the operator’s
hand. The vault is identified and the peritoneum and bladder are dissected
off of the anterior vaginal wall. Along the posterior vaginal wall, any fas-
cial defects are identified and the rectal reflection is clearly noted. The graft
to be utilized for the vault suspension should be a synthetic polypropylene
graft. It should have a long arm for the posterior wall and a shorter arm for
the anterior vaginal wall. This can be fashioned from a standard price of
polypropylene mesh folded in half. Typically, three rows of 2-0 polypropy-
lene sutures are placed along the back wall of the vagina and two rows
along the front row of the vaginal. Once these are secured to the graft, the
graft can then be suspended to the sacral promontory with minimal tension.
Prior to suspending the graft, the posterior cul-de-sac should be obliterated
either by a uterosacral ligament placation or a halban/moscowitz technique.
If a biologic graft is utilized for this technique, the failure rate is signifi-
cantly increased. Once the vault has been suspended, any additional neces-
sary reconstructive procedures can be performed. These typically include a
paravaginal repair as well as posterior colporrhaphy.
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Figure 13.4 Abdominal sacrocolpopexy entails placement of a suspensory mesh bridge
from the vagina apex to the sacral promontory periosteum.
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Sacrocolpopexy is associated with a greater risk of ileus formation. It is
thus important to feed these patients very slowly. 

Success of the sacrocolpopexy approach is 98% in multiple series.
Besides ileus and bleeding complications, mesh erosion has been reported in
a small percentage of patients. If polypropylene mesh is utilized, this can be
simply trimmed in the office or operating room and the epithelial defect
closed. 

Laparoscopic sacrocolpopexy

In the hands of a surgeon who is skilled in laparoscopic surgery and has an
appropriately trained team, the procedure can be performed laparoscopi-
cally in an identical fashion to the open procedure. The long-term results of
the laparoscopic procedure are not known at this time and the procedure
can be technically difficult. However, recovery time may be reduced. 

Laparoscopic uterosacral ligament suspension

A simpler laparoscopic approach to vault suspension involves plicating the
uterosacral ligaments and the intervening vaginal apex with 1–3 rows of
2-0 polypropylene sutures. This can be achieved laparoscopically with
extracorporeal knot-tying. This technique can be carried out by most sur-
geons who perform laparoscopic surgery. It probably would not work for a
woman with significant intraperitoneal scarring or advanced degrees of
prolapse. However, it is a very useful technique for women with mild to
moderate uterine prolapse without cervical hypertrophy, as well as for
women with mild to moderate vaginal vault prolapse. Care must be taken
to identify the ureters during placement of the sutures.

Kits for vaginal prolapse surgery

Recent advances in reconstructive surgery include the development of kits
to correct multiple defects simultaneously. The intent of these kits is to stan-
dardize surgical approaches utilizing specifically designed needles and per-
manent or biologic mesh grafts. Two kits are currently available, the
Apogee for vaginal apical and posterior wall repair and Perigee kit for ante-
rior wall repair (American Medical Systems, Minnetonka, MN) and the
Prolift total vaginal mesh reconstruction kit (Gynecare Ethicon, New
Brunswick, NJ). These kits are designed to be placed through anterior or
posterior vaginal wall incisions and dissections and the mesh is anchored to
the ileococcygeus muscle apically, obturator membrane anteriorly, and per-
ineum. Multiple defects are corrected simultaneously, resulting in potential
time savings in surgery. Concerns related to these kits involve the large
amount of synthetic or biologic mesh that is used and the required surgeon
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training in order to be able to safely perform these procedures.
Nevertheless, the future holds for standardization of surgical techniques for
correction of vaginal prolapse by surgeons’ utilization of pre-fabricated kits
which are designed to correct all anatomical defects at one setting.

Grafts for prolapse surgery

Recently, the use of grafts has been popularized for the enhancement of the
longevity of reconstructive procedures. Both synthetic (i.e. polypropylene,
Vicryl) and biologic (i.e. cadaveric fascia lata or dermis, bovine peri-
cardium, porcine dermis, small intestinal submucosa) grafts are available
and are used for most reconstructive procedures. Safety and efficacy have
not been determined, and thus routine use cannot be recommended.

Conclusions

Pelvic reconstructive surgery is evolving from surgery with a greater empha-
sis on art to an evolving science. Multiple techniques, which improve long-
term success rates, are being developed. Proper preoperative evaluation and
assessment of prolapse segments is crucial to performance of the correct
surgical procedure for an individual patient. 
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Introduction

Although fecal incontinence and rectal prolapse may both result from atten-
uated pelvic floor and may coexist, the surgical approach to these condi-
tions frequently differs, and thus in this chapter we will discuss these two
conditions separately.

Fecal incontinence

Very few benign conditions cause embarrassment and jeopardize the phys-
ical, mental, and social quality of life as much as the inability to control
bowel function. The exact incidence of fecal incontinence is unknown, and
a large portion of the suffering individuals probably does not seek medical
attention, due to embarrassment and unawareness of treatment options. In
most cases, however, quality of life can be significantly improved with ade-
quate treatment, and new horizons in the treatment of fecal incontinence
have recently emerged.

Diagnosis and evaluation

Continence is a complex function of multiple factors working in concert,
including anatomic, physiologic, dietary, and psychological factors. Fecal
incontinence (FI) is the result of malfunction of one or more of the follow-
ing mechanisms: colonic motility, stool consistency, anal sphincter structure
and function, rectal reservoir, anorectal sensory function, and pelvic floor
musculature and nerves. Patient evaluation should reveal the underlying
disturbed mechanisms.

History

A detailed bowel history is most important in evaluation of FI and its
impact on quality of life as expressed by a symptom score.1 Symptom
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diaries are probably the best way to monitor events. Urinary incontinence
should be sought as there is a frequent coexistence with FI. A history of
trauma or abdominal/pelvic/anal surgery as well as obstetric trauma in
female subjects is essential. A detailed history of systemic diseases such as
systemic sclerosis or multiple sclerosis should be achieved.

Physical examination

Careful examination can identify structural defects such as rectal mass,
mucosal intussusception, prolapse, and rectocele. The perineal area should
be inspected visually for excoriation, rash, scars, fistula opening, hemor-
rhoids, patulous anus, obvious cloacae, or ‘keyhole deformity’. Perianal
sensation is examined by local skin stimulation. Digital examination can
provide an estimate of resting and squeeze tone of the anal sphincter,
the existence of fecal impaction and pelvic floor descent. A bidigital
examination may be performed to assess the integrity of the perineal body. 

Anorectal manometry

The most widely used method to assess anal sphincter function is anorectal
manometry2 (Figure 14.1). Manometry provides information on resting and
squeeze pressures, length of anal canal, and high-pressure zone. Resting
pressure reflects mainly the internal anal sphincter (IAS) function, which
comprises about 50–70% of anal tone. During examination, squeeze pres-
sure as well as excitatory reflexes, which reflect external anal sphincter
(EAS) function (e.g. cough reflex), can be elicited. Using a balloon attached
to the tip of the catheter, rectoanal inhibitory reflex (RAIR), rectal sensory
thresholds, and maximal rectal capacity can be assessed. Reservoir function
of the rectum is an essential factor in continence mechanism, which results
from the viscoelastic properties of the rectal wall, and enables low intralu-
minal pressure to be maintained while increasing rectal volume. Low rectal
compliance may lead to decreased rectal capacity and, consequently,
urgency and incontinence (e.g. proctitis).

Rectal sensation measured by balloon inflation is also an important
factor in continence. Three basic thresholds are measured: first sensation,
constant urge to defecate, and maximal tolerable capacity. 

Endoanal ultrasound

The most valuable technique in assessing IAS and EAS defects is endoanal
ultrasound. In experienced hands, sensitivity and specificity could reach
nearly 100%. The endoprobe is inserted into the deep anal canal and pulled
back. Images of the puborectalis muscle, anococcygeal ligament, perineal
body, IAS, and EAS are seen (Figure 14.2). This examination has been
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regarded by some researchers as the study most likely to change patient’s
management.3

Magnetic resonance imaging

The pelvic floor can be visualized with an endorectal/endoanal coil.
Magnetic resonance imaging (MRI) has a higher spatial resolution for
imaging anal sphincters. Transverse planes are useful in diagnostics and
surgery. 

Electromyography

Concentric or single-fiber needle electromyography (EMG) is of importance
for striated muscle sphincter mapping. This technique has been superseded
by endoanal ultrasound for EAS and IAS defect assessment, as this exami-
nation is invasive, painful, and requires expertise. EMG is still the gold
standard for functional innervation of the sphincter muscle.4 The use of
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Figure 14.1 (a) The anal manometry system. Reproduction of this image granted by
Medtronic. (b) The manometry catheter. Reproduction of this image granted by
Medtronic. (c) Anal pressures.
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surface electrodes means that EMG can provide useful and painless
information and has a definite role in applying biofeedback training. 

Pudendal nerve terminal motor latency

The pudendal nerve contains motor fibers from sacral nerves S2–4 inner-
vating the EAS and sensory innervation from the perineum. Pudendal nerve
terminal motor latency (PNTML) measures conduction time from the dis-
tal part of this nerve to the EAS. In this technique, a flexible stimulatory
electrode mounted on the examiner’s hand is inserted into the anal canal.
Electrical stimulation is given to the terminal branch of the nerve, and the
time delay to contraction response of EAS is used to assess both left and
right pudendal nerves.

Treatment modalities

Treatment options for fecal incontinence include conservative modalities
such as biofeedback therapy, as well as minor surgical procedures and major
surgery such as the neosphincter procedures. It is essential to carefully tailor
the appropriate treatment to each patient, based on the severity of inconti-
nence, work-up findings, past medical history, and the patient’s wish.
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Figure 14.2 Anal ultrasound using a 7 MHz circular probe at the level of the middle anal
canal, showing anterior defect at the internal and external sphincters (arrows at the
defect edges) as a result of an obstetric injury.
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Non-surgical methods

DIETARY MEASURES

Counseling the patient regarding diarrhea-inducing foods, possible sources
of food intolerance, and addition of bulk-forming agents to the diet is often
an initial step that can improve mild to moderate incontinence. The best
method to pinpoint offending food is to use a daily food diary or system-
atic diet that eliminates potential offending agents. Gradual increase in
dietary fiber up to 20–30 g/day increases stool bulk and may improve
continence.

BOWEL MANAGEMENT

The goal of an effective bowel management program is to allow the patient
to produce a bowel movement at a scheduled time using a combination of
dietary measures, laxatives, suppositories, enemas, or digitation in order to
achieve an ‘empty rectum’, thus enabling a few hours without the fear of
incontinence episodes. This approach, mainly used by spinal cord injury
patients, is also useful for patients with neurodegenerative diseases and
congenital disorders. 

ANTIDIARRHEALS

The most commonly used antidiarrheals are opium derivatives and
absorbents such as loperamide. In addition to increasing colonic transit
time, fluid absorption, and inhibition of mucus secretion, loperamide has
also been found to increase anal sphincter tone.5 A more potent derivative
is diphenoxylate hydrochloride and tincture of opium. Low-dose tri-
cyclic antidepressant (e.g. amitriptyline) offers improvement in FI due
to anticholinergic and serotoninergic properties. 

BIOFEEDBACK TRAINING

This term describes a therapeutic instrument from a psychological stand-
point, and it has been found to be effective in therapy of FI. The anal
sphincter function, which can be poorly perceived by the patient, is meas-
ured by a technical device and demonstrated (‘feedback’) to the subject,
using a visual, auditory, or verbal signal (Figure 14.3). A common training
program uses 30–60 minutes per session, at least once a week over a 6-week
period. The mechanism of action is not entirely clear, and probably involves
exercises to strengthen the EAS, enhancement of rectal sensitivity via an
intrarectal balloon inflation, and improved coordination between rectal dis-
tention and sphincter contraction. Success rates vary in different series,
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reaching 64–89% of improvement.6 Patients should have at least some
rectal sensation as well as the ability to control sphincter contraction to fit
for biofeedback, irrespective of the etiologies. 

PROCON DEVICE

The ProCon is a soft catheter with a balloon, which can be inserted by the
patient into the anal canal. When the balloon is inflated, it mechanically
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Figure 14.3 (a) Anal biofeedback probe. Reproduction of this image granted by Medtronic.
(b) Feedback projected on the computer screen. Reproduction of this image granted by
Medtronic.
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obstructs the anal canal, preventing fecal leakage. The catheter tip is
equipped with an infrared photo-interrupter sensor, connected to a beeper-
like monitor (Fig 14.4). Whenever fecal content reaches the anal canal, the
beeper goes off, and the patient may go to the bathroom, deflate the
balloon, and evacuate. And initial study7 showed that although only some
of the patients tolerated the device, these patients had significant improve-
ment in their continence score. New versions of the device are now under
development and may be better tolerated by the patients.

Surgical methods

ANTERIOR SPHINCTER REPAIR

Obstetric injury causing anterior defect of the external anal sphincter at the
rectovaginal septum is the most common cause of fecal incontinence, and
may be clinically evident only years after vaginal delivery. When anterior
sphincter defect is detected by anal ultrasound, and innervation of the
sphincter mechanism is intact, sphincter repair is probably the surgical
treatment of choice.
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Figure 14.4 (a) The ProCon device: double-lumen, pliable rubber catheter. The distal tip
incorporates an infrared photo interrupter sensor and flatus vent holes. (b) Inflatable 
20 ml capacity cuff. (c) Monitor, resembling a common beeper.
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The surgical procedure usually involves mobilization of the external anal
sphincter on both sides. When damage exists, the anterior portion of the
sphincter usually consists of a fibrotic scar, which is divided. The muscle
from both sides is then approximated, with overlap of one side on the other,
using nonabsorbable sutures (Figure 14.5).

The short-term success rate is high, with significant improvement in con-
tinence and quality of life, and may nearly reach 80%.8 However, recent
data suggest that the long-term success rate may be lower, and durable
continence may be achieved in approximately 45% of patients.9

INTERNAL SPHINCTER BULKING PROCEDURES

Several procedures are aimed to increase the internal anal sphincter bunk in
order to improve anal resting pressure. The Acyst procedure uses carbon-
coated beads, which may be injected into the internal sphincter as an office
procedure. The procedure is simple and safe, and preliminary reports have
showed some improvement in continence.10 Injection of silicon particles
resulted in similar results.

The Secca procedure uses thermal energy to create scarring and fibrosis
of the internal anal sphincter, using the same technology as for the Stretta
procedure of the lower gastroesophageal sphincter. The device is inserted
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Figure 14.5 Anterior sphincter repair.The patient is in the prone position.
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into the anal canal, and needles are introduced into the internal sphincter
muscle to deliver the thermal energy under continuous monitoring (Figure
14.6). The Secca procedure may be performed as an office procedure
under local anesthesia and mild sedation, without major side-effects, and
preliminary results suggest improvement in continence and quality of life.11
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Figure 14.6 (a,b) The Secca procedure. Reproduced with permission from Curon Medical,
Inc.
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SACRAL NERVE STIMULATION

Sensory, autonomic, and motor innervation of the pelvic floor organs are all
mediated by the sacral nerves. Continuous electrical stimulation of the
sacral roots was found to improve pelvic floor function, including fecal
incontinence. The exact mechanism of effect is not clear, but it is assumed
that both enhanced sensation and augmentation of the motor signal play a
role in this procedure. Sacral nerve stimulation uses leads connected to a
stimulator for electric stimulation of the sacral nerve roots (Figure 14.7).
The leads are stimulated intraoperatively, to determine the roots with the
best motor external anal sphincter response. The leads with the best
response are then connected to a temporary external stimulator, for a test
stimulation period of 3 weeks, in which the patient fills a daily continence
diary. If there is significant improvement, a permanent pacemaker is
implanted in the subcutaneous tissue. Preliminary results are encouraging,
suggesting that 75–100% of the implanted patients experienced improved
continence, and 41–75% achieved complete continence.12 However, larger
series and longer follow-up are required to determine the role of this
procedure in the treatment of fecal incontinence.

NEOSPHINCTER PROCEDURES – STIMULATED GRACILIS

In the case of ‘end-stage’ fecal incontinence, not manageable by primary
surgical repair, the construction of a new nonanatomic sphincter may be a
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Figure 14.7 Sacral nerve stimulation. Reproduction of this image granted by Medtronic.
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required. Several muscle flaps were offered for anal neosphincter proce-
dures, but the gracilis muscle transposition is by far the most commonly
used flap. The gracilis muscle originates at the inferior border of the pubis,
and crosses the medial aspect of the thigh to its insertion at the medial
aspect of the proximal tibia. The muscle is divided distally at its insertion
and dissected free of the thigh structures in the proximal direction through
three small thigh incisions. The neurovascular bundle supplying the gracilis
muscle enters near its origin, allowing the rotation of this long muscle to the
perianal region to wrap it around the anal canal, and anchor to the ischial
bone (Figure 14.8). Although this procedure can improve basal anal tone,
the gracilis is a skeletal muscle which cannot maintain sustained construc-
tion, resulting in muscle fatigue. The stimulated gracilis procedure uses an
electric stimulator at the entrance of the neurovascular bundle to stimulate
the gracilis muscle continuously. This continuous electric stimulation results
in transformation of the gracilis muscle to a nonfatigable muscle, and the
stimulation can be modified or switched off as needed. Despite its com-
plexity, about 60% of patients experience significant improvement in
continence.13

ARTIFICIAL BOWEL SPHINCTER

The artificial bowel sphincter (ABS) is a silicone inflatable implant that
aims to produce a controllable continuous anal tone. The device has three
main components:
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Figure 14.8 Gracilis transposition neosphincter.The patient is in the lithotomy position.

14 Chapter 1414  9/30/05  1:48 PM  Page 194



● the inflatable cuff is implanted around the anal canal, and, when
inflated, produces the basal pressure;

● the pressurized balloon is a reservoir implanted at the lower abdominal
wall behind the pubic bone;

● the pump, which is implanted in the scrotum in males, and in the labia
in females, allows the patient to control the shift of fluids between the
cuff and the balloon. 

When the patient wishes to evacuate, he or she press the pump, which
mechanically shifts fluid from the cuff to the balloon. The cuff sponta-
neously reinflates within a few minutes, re-establishing anal tone (Figure
14.9).

Management of fecal incontinence and rectal prolapse 195

Figure 14.9 Artificial bowel sphincter in a female. Acticon Neosphincter. Courtesy of
American Medical Systems, Inc., Minnetonka, MN.
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As expected, a silicone implant around the anus carries a high rate of
infectious complications, frequently requiring removal or revision of the
device. Other frequent complications include cuff erosion and device fail-
ure. Despite these drawbacks, this procedure is simpler than the muscle
neosphincter procedures such as the stimulated gracilis, and is gaining
increased popularity. A multicenter study of 112 patients in 19 centers
revealed that 71% of the patients had a functioning device 1 year post-
implantation, with a significant improvement in continence and quality of
life,14 and recent single-center experience of 37 patients showed that the
success rate further improves with more experience.15

STOMA CREATION

Creation of a stoma is usually regarded as the last option for the treatment
of fecal incontinence, and is usually spared for patients who have failed
multiple treatments. However, in elderly and high-risk patients, and in
patients unwilling to undergo complicated procedures and their associated
risks, a stoma may be considered at an earlier stage. Temporary diversion
may also be considered to protect complicated procedures, and to improve
quality of life until healing is complete, although no data to support this
approach are available.

Clinical approach to patient with fecal incontinence

Fecal incontinence interferes with quality of life, and its treatment needs to
be tailored to the patients’ needs. Although it is tough to outline a strict
flow chart that will be accepted by all experts, the choice of treatment
should be guided by the severity of incontinence and its effect on quality of
life, and results of the anatomic and physiologic work-up.

Patients with mild fecal incontinence should probably have a trial of non-
operative management first, and patients with mild to moderate inconti-
nence may also be treated with less-invasive procedures such as the Secca
and the internal sphincter bulking agents. Patients with external sphincter
injury and intact pudendal nerves will probably be best treated with surgi-
cal repair, whereas neosphincter procedures should be reserved for patients
with severe incontinence that cannot be primarily restored, or in failure of
such repair. Figure 14.10 suggests a flow chart for the management of
patients with fecal incontinence. 

Rectal prolapse

Complete rectal prolapse is a full-thickness protrusion of the rectal wall
through the anal canal. The etiology is unclear, but increased straining is
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likely to be an important cause. In Western countries approximately 80%
of patients are women and there is an increased incidence in elderly age. 

The majority of patients experience the prolapse during strain, which
may spontaneously reduce after defecation. Rectal prolapse may be associ-
ated with other functional anorectal disturbances such as fecal inconti-
nence, obstructed defecation, mucus discharge, and rectal bleeding. When
fecal incontinence is associated with damaged sphincter of pudendal neu-
ropathy, repair of the prolapse may not improve continence. Constipation
may improve, remain unchanged, or even worsen by the repair, depending
on the reason for the constipation and the surgical technique.

Inspecting the perineum while asking the patient to strain usually makes
the diagnosis. If unsuccessful on the examination bed, the patient may be
asked to strain in the sitting position. Examination may also reveal patu-
lous anal orifice with lax sphincters and excoriation of the perianal skin.
Other tests may include anorectal physiology tests, constipation work-up if
necessary, and colonoscopy to exclude coexisting pathology. 

Treatment 

The principal treatment of rectal prolapse is surgical, aimed at selecting the
procedure with minimal morbidity and the lowest recurrence rate.
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Figure 14.10 Suggested flowchart for the management of patients with fecal incontinence.
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Procedures for the correction of prolapse can be broadly divided into two
large categories, abdominal and perineal. 

Abdominal procedures

Abdominal repairs require laparotomy or laparoscopy under general anes-
thesia to access the peritoneal cavity. These operations may be categorized
into rectopexy alone with or without mesh, resection with rectopexy, and
resection alone. 

SUTURE RECTOPEXY

All abdominal procedures imply pelvic dissection with rectal mobilization.
The sigmoid colon and rectum are mobilized, taking care to identify the left
ureter and the hypogastric nerves. Anteriorly the rectum is mobilized to the
upper end of the vagina, and posteriorly the presacral space is entered in
front of the presacral nerves and dissected to the level of the tip of the coc-
cyx. Controversy exists as to the need for lateral mobilization of the rectum.
The rectum is then pulled up to reduce the prolapse, and secured to the
sacrum by sutures.

Simple suture rectopexy effectively repairs rectal prolapse, with recur-
rence rate averaging 3–7%.16 Since there is no anastomosis, the operation
carries minimal risk of sepsis. However, constipation is usually not
improved, and patients not constipated preoperatively may become so
following this procedure.17

POSTERIOR RECTOPEXY WITH FOREIGN MATERIAL

These procedures use a foreign material to fix the prolapsed rectum to the
sacrum. The rectum and the sigmoid colon are mobilized as described
above. Then a sheet of artificial material such as Ivalon sponge, Vicryl
mesh, or Marlex mesh is fixed to the sacrum using interrupted 2-0 Prolene
sutures. The ‘wings’ of the artificial material are attached to the sides of the
rectum, not wrapping (Figure 14.11) it completely. Reported recurrence
rates may be somewhat lower than with rectopexy alone.18 However,
postoperative constipation is common, and may be disabling.19

RESECTION RECTOPEXY

The combination of rectopexy and resection of the sigmoid colon was pop-
ularized by Frykman and Goldberg. The pelvic dissection is performed as
described, and the resection is identical to high anterior resection, with the
addition of sutured rectopexy to the presacral fascia (Figure 14.12). This
procedure is probably associated with the lowest recurrence rate, averaging
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3–4% (rang 1–10%), and a decreased incidence of debilitating constipa-
tion.20 However, since the procedure involves resection with a colorec-
tal anastomosis, it carries the highest risk of septic complications, with
associated morbidity and possible mortality.

Laparoscopic approach

Laparoscopic rectopexy was first reported in 1993. The patient is placed
supine in the Lloyd-Davies Trendelenburg position and 3–4 ports are
placed. The abdominal cavity is insufflated with CO2, and the camera is
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Figure 14.11 Mash rectopexy.

Figure 14.12 (a) The resected segment of a resection rectopexy. (b) Anastomosis and
rectopexy. An arrow points to the sutures attaching the upper rectum to the sacrum.

(a) (b)
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usually introduced through the umbilical port. Rectal mobilization to the
pelvic floor and rectal fixation to the sacrum with or without resection uses
the same principles described for the open procedure. Fixation to the
sacrum by sutures or mesh can be laparoscopically achieved. 

Reported recurrence rates are acceptable, but long-term results are
still to be evaluated. Short-term advantages include less pain, shorter
hospitalization, early return of bowel function, and faster recovery.21

Perineal procedures

Perineal operations are attractive as they can be applied in sick, elderly, or
high-risk patients safely, without the use of general anesthesia. In addition,
in young male patients they avoid the risk to sexual and bladder dysfunc-
tion associated with pelvic surgery. However, the main drawback of the
perineal approach is the relatively high recurrence rate compared with the
abdominal procedures.22

As with abdominal operations, there is a wide variety of perineal opera-
tions of which mucosal sleeve resection (Delorme’s operation) and perineal
rectosigmoidectomy (Altmeier’s operation) are the most commonly used.

DELORME’S OPERATION

The procedure may be carried out in the lithotomy or prone jackknife posi-
tion. The rectum is prolapsed to its full extent. The mucosa is incised cir-
cumferentially 1–2 cm above the dentate line, and a mucosal tube is
dissected off the underlying muscle in the proximal direction. Once the dis-
section reaches the apex of the prolapse, the mucosal tube is excised.
Several absorbable Vicryl sutures are placed circumferentially to plicate the
prolapse. Each suture begins at the divided mucosa above the dentate line
and then takes several bites of muscle proximally, to end at the mucosa at
the apex of the prolapse (Figure 14.13). 

Mucosal sleeve resection has gained popularity in the last few years
owing to its low morbidity. Since there is no full-thickness resection and
anastomosis, the risk of pelvic sepsis is minimal. However, this procedure is
probably associated with the highest recurrence rate, averaging 12–15%.23

ALTMEIER’S OPERATION

This procedure may be carried out in the lithotomy or prone jackknife posi-
tion. After the prolapse has been delivered, a circumferential incision is
made through the full thickness of the rectal wall 2 cm above the dentate
line. The rectum is drawn down to expose the peritoneal reflection anteri-
orly, which is incised to enter the peritoneal cavity. Once the peritoneal cav-
ity has been exposed, the rectum and sigmoid are drawn down as far as
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possible. The mesentery is ligated and divided close to the bowel wall until
the bowel cannot be prolapsed further. The sigmoid colon is divided and the
proximal sigmoid is anastomosed to the anal canal using interrupted Vicryl
sutures or a circular stapler. 

Perineal rectosigmoidectomy is simple, effective, and well tolerated even
by high-risk patients. Recurrence rates are higher than for abdominal
repair, averaging 10%, but are probably lower in comparison to the
mucosal sleeve resection.24 Main complications include bleeding and
anastomotic dehiscence with a potential pelvic sepsis. 

Selection of operative procedure

A uniformed surgical operation is not appropriate for all patients with rec-
tal prolapse, and the appropriate procedure should be tailored to each
patient’s need, based on the integration of the operative risk, recurrence
rate, and functional results.25 There is no doubt that a perineal procedure is
associated with less morbidity than abdominal procedures. Old or unfit
patients are probably best treated with the perineal procedures. A perineal
rectosigmoidectomy may be preferred if the prolapse is large. Smaller
prolapses may be best treated with a Delorme’s procedure.

Abdominal procedures should usually be considered in young and fit
females with rectal prolapse; however, the specific choice of procedure is
more controversial. For patients without constipation, rectopexy alone
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Figure 14.13 (a) Resection of the mucosal sleeve in a Delorme’s procedure. (b) Plication
of the muscular coat in a Delorme’s procedure.

(a) (b)
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should be sufficient, since the recurrence rate is low and restoration of con-
tinence is similar for all abdominal procedures. For patients with significant
constipation, resection rectopexy results in good functional results with
decreased incidence of constipation.
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Introduction

Since the release of sildenafil (Viagra, Pfizer) for the treatment of male erec-
tile dysfunction or ED, in 1998, there has been a significant increase in the
amount of public and media attention focused on the topic of ‘female sex-
ual dysfunction’ or FSD. In fact, more and more, the medical community
and women in general are beginning to understand that FSD may, in part,
be due to ‘physical’ or organic issues, and not purely psychologic or psy-
chosexual in nature, as many previously believed. This new understanding
has also led to the development of various effective treatment options,
which are now available to help women and couples improve their sexual
health.

In this chapter we will explore the demographics and causative factors
associated with FSD, as well as the basic work-up of these women. Current
management alternatives will also be discussed.

Demographics of female sexual dysfunction: the
epidemic

In 2001, a demographic study in the Journal of the American Medical
Association (JAMA) demonstrated that more than 40% of women had evi-
dence of FSD. Based on population surveys, this would suggest that more
than 30 million women in the USA might have female sexual dysfunction.
Unfortunately, due to a number of factors, currently less than 3% of
women with FSD seek help. Some of the factors responsible for this include
the fact that the majority of women are not routinely or often, ever, asked
about the presence of sexual dysfunction by their physician. Like ED, many
women are embarrassed to bring up the topic and it goes unnoticed.
Additionally, many women have no idea that there are effective treatment
options available once the problem has been identified by their healthcare
professional.

Chapter 15
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Why is this a problem? Because normal sexual function is an important
part of the ‘essential intimacy’ between a woman and her partner (‘the cou-
ple’). The loss of sexual function may lead to loss of self-esteem, guilt,
depression, and alienation from one’s partner. Like erectile dysfunction 
in men, FSD is a spectrum of disease, not necessarily an ‘all or none’ 
phenomenon, and should be identified and treated even in its earliest stages. 

A key point to remember is that like ED, its counterpart in the male, FSD
may be an early warning sign of significant unrecognized systemic vascular
disease and indicate an increased risk for heart attack or stroke.
Epidemiologic studies noted an increased risk of FSD in women with a his-
tory of common vascular risk factors, such as cigarette smoking, hypercho-
lesterolemia, hypertension, and prior hysterectomy. Therefore, it is critical
for the healthcare professional to ‘ask the question’ and to recognize FSD
early and encourage communication between the patient and her partner.

The female sexual response

The female sexual response was studied and described by Masters and
Johnson in the 1960s. They divided it into four stages: excitement, plateau,
orgasm, and resolution. In 1979, Helen Singer Kaplan proposed a triphasic
response: desire, arousal, and orgasm. In 2001, Dr Rosemary Basson1 pro-
posed a ‘non-linear’ female sexual response cycle (Figure 15.1). She sug-
gested that the sexual response is driven by the desire to enhance intimacy.
The cycle begins with sexual neutrality. As a woman seeks a sexual stimu-
lus and responds to it, she becomes sexually aroused. Arousal leads to
desire, thus stimulating a woman’s willingness to receive or provide addi-
tional stimuli. Emotional and physical satisfactions are gained by an
increase in sexual desire and arousal. Emotional intimacy is then ultimately
achieved. Various biologic and psychologic factors can negatively affect this
cycle, thus leading to FSD.

Physiology of female sexual function

Clitoral and labial vascular engorgement is similar to engorgement of the
corpora cavernosa in the male during erection. Vaginal lubrication is in
many ways analogous to penile erection in the male, in that adequate vas-
cular function plays a critical role. Recent studies have demonstrated an
important role for androgens and nitric oxide in the mechanism of genital
vascular engorgement during the female sexual response. It is this fact that
has led to the introduction of hormone replacement therapy (HRT) and var-
ious oral medications, most notably the PDE5 (phosphodiesterose type 5)
inhibitors agents such as sildenafil, as treatment options for sexual arousal
insufficiency and other forms of FSD. 
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Classification of female sexual dysfunction

There are many different categories of sexual dysfunction in women, as
there are in men. Female sexual dysfunction can be classified into

● sexual desire disorders
● sexual arousal disorders
● orgasmic disorders
● sexual pain disorders. 

Dysfunctions of the desire phase (as defined in the DSM-IV) include
hypoactive sexual desire disorder and sexual aversion disorder. 

Dysfunctions of the arousal phase include female sexual arousal disorder,
as well as vaginismus and dyspareunia. Orgasm phase disorders include
female orgasmic disorder. Overlap between symptoms is often seen.
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Figure 15.1 Female sexual response cycle. Reproduced from Basson R. Human sex-
response cycles. J Sex Marital Ther 2001;27:33–43.
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Risk factors for female sexual dysfunction

Female sexual dysfunction can occur at any age and numerous risk factors
can be implicated as contributing to the development of FSD. These can be
broken up into hormonal or endocrine disorders, vascular factors, neuro-
logic issues, medications, gynecologic disorders, psychogenic causes, and
factors associated with aging.

Endocrinologic changes are among the most common causative factors in
women suffering from sexual dysfunction. Androgen insufficiency syn-
drome may occur when the androgen levels required for the normal sexual
response and normal libido are abnormally low. 

Postmenopausal hormone changes, such as diminished local or systemic
estrogen levels, can also contribute to FSD. Other endocrinologic factors
associated with FSD include hypothyroidism, hyperthyroidism, pituitary
tumors, and hyperprolactinemia.

Genital blood flow is critical to the normal female sexual response and
various vasculopathies can contribute to sexual dysfunction. These may
include atherosclerosis and its associated risk factors, smoking, diabetes,
dyslipidemia, peripheral vascular disease, hypertension, pelvic and perineal
trauma, and arterial compression from cycling.

There are numerous gynecologic etiologies of female sexual dysfunction,
as listed in Table 15.1. These can be differentiated into external or internal
abnormalities. All should be considered during the comprehensive physical
evaluation. Certain medications and drugs may be associated with female
sexual dysfunction. Some of these agents are listed in Table 15.2.
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Table 15.1 Gynecologic etiologies of female sexual dysfunction

External Internal

Vulvar dystrophy Vaginismus

Dermatitis Vaginal tissue atrophy

Clitoral adhesions Vaginitis

Clitoral phimosis Uterine prolapse

Bartholin’s cysts Cystocele/rectocele

Episiotomy scars Pelvic inflammatory disease

Vestibulitis Uterine fibroids

Vulvar cancer Endometriosis

Lichen sclerosus Myalgias

Cancer
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Neurogenic causes of FSD are not uncommon and may be associated
with neurologic disease or surgery. Some of the causes include: 

● radical pelvic surgery, such as colorectal surgery and radical
hysterectomy

● pelvic and spinal cord injury
● multiple sclerosis
● various neuropathies
● pudendal nerve injury
● stroke
● Alzheimer’s disease 
● Parkinson’s disease. 

Female sexual dysfunction can occur at any age, and unlike ED in men, it
is as often seen in young sexually active women as it is in older women.
However, there is a significant association between sexual dysfunction and
aging due to numerous age-associated changes. These include a progressive
decline in physiologic function, genital and vaginal atrophy, decreased vagi-
nal lubrication, the increased prevalence of chronic diseases, as well as var-
ious psychologic issues and partner issues commonly seen in the elderly.
However, decreased sexual activity does not have to be inevitable with
aging.

There are various psychogenic causes that are associated with sexual dys-
function. Some of the more common factors are depression, performance
anxiety, relationship problems, psychosocial problems, and psychologic
distress.
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Table 15.2 Drugs associated with female sexual dysfunction

Antidepressants Psychotropics

Antihypertensives Beta-blockers

Narcotics Cocaine, alcohol

Diuretics Lipid-lowering drugs

Antiandrogens NSAIDs

H2 blockers Oncologic agents

Anticholinergics Anxiolytics
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Diagnostic evaluation of female sexual
dysfunction

A ‘step-care’ approach to FSD management has been demonstrated to be an
effective means of evaluating and successfully managing women who are
experiencing sexual dysfunction or FSD. Excellent communication with the
partner and physician is the first step in this approach. It is important to
identify reversible causes, such as smoking or various medications – i.e.
SSRIs (selective serotonin reuptake inhibitors) – that may be contributing to
FSD, and institute healthy lifestyle changes. It is critical to evaluate the
woman completely to understand ‘why’ the problem exists, since FSD, like
ED in the male, may be the first sign of other underlying disease, such as
vascular disease, lipid disorder or diabetes. Remembering the word
‘I.N.T.I.M.A.C.Y.’, which is further described in Table 15.3, can summarize
the eight basic steps in the management of FSD.

Female sexual dysfunction is evaluated like any other disease. The first
step, a complete medical and sexual history, is important to define the prob-
lem. This will allow the physician to identify the various risk factors, which
were previously described. In addition, any history of abuse is important to
elicit. It is important to define or classify the type of dysfunction, since
effective treatment strategies will vary based on the diagnosis. There are
various validated questionnaires, such as the ‘FSFI’ or Female Sexual
Function Index, that can be utilized to objectively define and monitor the
FSD over time. A directed physical examination is also important as part of
the initial evaluation. Documentation of a recent normal PAP smear and
breast examination should be made, or performed if not recently done.
Various physical anatomic abnormalities, such as vaginal atrophy or cli-
toral phimosis (Figures 15.2), may contribute to FSD when present, and
therefore need to be evaluated.
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Table 15.3 I.N.T.I.M.A.C.Y.

I: Identification

N: Notification

T: Thorough evaluation

I: Incorporate lifestyle changes

M: Medical and surgical therapy

A: Alternative therapies

C: Communication

Y: Youthful rejuvenation
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Figure 15.2 (a) Female genital anatomy. (b) Anatomic abnormalities may possibly
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As part of the comprehensive evaluation, selected laboratory studies should
be obtained, including androgen levels, such as serum testosterone levels
(total/free), dehydroepicendrosterone and its sulfate (DHEA/DHEA-S), sex
hormone-binding globulin (SHBG), estradiol, a lipid panel, serum glucose,
urinalysis, liver function studies, and thyroid function tests.

A number of specialized diagnostic tools available at certain tertiary cen-
ters can be used in specific circumstances to better define the FSD. They
include: 

● vaginal pH testing (as a gauge of arousal)
● biothesiometry (neurologic evaluation of sensation thresholds)
● duplex Doppler ultrasonography (to evaluate vascular function)
● temperature sensation testing (as part of a neurologic evaluation).

Treatment options

Once the diagnostic evaluation is completed, the next step is to discuss the
various treatment options available for the patient. Some of the more sim-
ple options include a discussion of reversible and lifestyle changes. Patients
should be instructed to give up or decrease smoking, and drinking in mod-
eration should be encouraged. A healthy diet, with lowering of an elevated
cholesterol, should be discussed if appropriate. Since anxiety and stress
can worsen any type of sexual dysfunction, regular exercise and stress-

reduction techniques should be discussed. Most importantly, good
communication with the partner should be encouraged.

There are data to suggest that FSD can be effectively treated by various
medical therapies. These may include androgen replacement therapy with
DHEA and/or topical testosterone therapy, off-label PDE5 inhibitor drugs,
and others. The role of newer therapeutic oral agents such as apomorphine,
and other intranasal and topical agents are currently being investigated.

Androgen insufficiency is a major cause of FSD and hormone replace-
ment therapy with DHEA has been demonstrated to be quite effective when
used appropriately. In a recent study by Akkus and associates, presented at
the European Society of Sexual Medicine in 2003, 55 women ranging in age
from 23 to 54 years old (mean age: 43) with FSD and low androgen
(DHEA) levels were treated with DHEA 50 mg/day for 3 months. All had
partners with normal erectile function. At the completion of the study, all
of the patients demonstrated increased DHEA levels and all of the women
demonstrated objective improvement in the areas of desire (libido), arousal,
and orgasm.

Sildenafil citrate (Viagra, Pfizer) and other various PDE5 inhibitors drugs
have been proven to be effective for male sexual dysfunction (ED), but are
they effective in women? In a recent study, Berman et al2 evaluated the effi-
cacy and safety of sildenafil citrate in spontaneously or surgically post-
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menopausal women with female sexual arousal disorder (FSAD). All of the
women had protocol-specified estradiol and free testosterone concentra-
tions and/or were receiving estrogen and/or androgen replacement therapy
to eliminate any androgen insufficiency. It was found that in women with
FSAD, without concomitant hypoactive sexual desire disorder, sildenafil
was associated with significantly greater improvement in sexual function
than placebo.

It is important not to misdiagnose women suffering from FSD with
depression, since many of the symptoms may be the same. Additionally, it
has been shown that FSD may be worsened by the use of various antide-
pressant agents, including the SSRIs, such as Zoloft (sertraline), Paxil
(paroxetine) and Prozac (fluroxetine). Due to the ultimate effects of these
agents on the orgasm centers of the brain, the time to orgasm can be sig-
nificantly delayed or worse (anorgasmia). For those women who need to
continue antidepressant therapy in the face of FSD, buproprion (Welbutrin)
is an agent often with less sexual side-effects than the SSRIs and it may be
an effective alternative. In addition, various researchers have demonstrated
that women taking SSRIs may benefit from the off-label use of PDE5
inhibitors such as sildenafil, to improve their sexual function, assuring first
that there are no contraindications such as nitrate use or chance of
pregnancy.

Specific therapies

In addition to safe and effective medical therapies for female sexual dys-
function, there are various ‘specific’ therapies that are useful in certain sit-
uations. As shown in Figure15.2b, Clitoral phimosis is an anatomic
anomaly that can contribute to orgasmic dysfunction and FSD. In many
cases of minimal to moderate phimosis, topical estrogen therapy may be an
effective first-line treatment option. For women with severe phimosis not
responsive to topical therapy, there may be a role for surgical management.

After episiotomy, vaginal delivery, genital or pelvic surgery or trauma, the
presence of neuromas or scar tissue can lead to sexual pain disorders and
FSD. First-line therapy should include a minimally invasive approach, such
as topical therapy or using a course of directed injections with a combina-
tion of steroid/local anesthetic. If this fails to improve the situation, there
may be a role for surgery to remove the offending neuroma or scar.

EROS-clitoral therapy device

Currently, the only FDA-approved therapy for the treatment of female sex-
ual dysfunction is the EROS-CTD (clitoral therapy device) illustrated in
Figure 15.3. The EROS-CTD is a small, battery-powered, hand-held cli-
toral vacuum device, which, when applied to the genitalia, enhances clitoral
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engorgement, increases clitoral blood flow, and improves arousal. Women
have reported that the EROS-CTD device can improve genital sensation,
increase vaginal lubrication, and improve the ability to achieve orgasm,
leading to enhanced sexual satisfaction. 

Role of sex therapy

Although many women with sexual dysfunction may have contributing
physical or organic factors, there are certainly a number of psychologic and
relationship issues that can also play a critical role in their FSD and need to
be addressed at the same time. It has been shown that sex therapy by a
licensed and certified professional can be very effective in helping a woman
to overcome her FSD. However, although sex therapy is certainly noninva-
sive, it is important to remember that it may be time-consuming, and cer-
tainly requires ‘commitment’ on the part of the woman, and often her
partner, too. Various other noninvasive techniques, such as pelvic floor
exercises and biofeedback, can also be important adjuncts to successful
therapy.

Sexual dysfunction is a couple’s disease

It is imperative to remember that sexual dysfunction is a couple’s disease!
Whereas up to 43% of women between the ages of 18 and 59  years old
may suffer from FSD (JAMA, 2001), 52% of men between the ages of 40
and 70 years old have ED (Feldman and associates, Massachusetts Male
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Figure 15.3 EROS-CTD (clitoral therapy device).
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Aging Study, 1994). For this reason, it is important to always involve the
partner whenever possible in the diagnostic and treatment phases: other-
wise, you’re missing half of the equation! By involving the partner from the
earliest stages, the couple can understand the underlying cause of the FSD,
improve communication, avoid ‘blame’, identify and treat any sexual dys-
function in themselves and their partner, and help find a solution that works
for both of them.

By understanding that no single treatment is right for everyone or every
couple, and in order to accomplish the lofty goal of improving the woman’s
sexual dysfunction and the couple’s intimacy, an individualized, multidisci-
plinary approach, involving the urologist, gynecologist, sex therapist, and
primary care physician is ideal. 
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Introduction

Chronic pelvic pain (CPP) is a problem of significant magnitude. Up to
33% of female patients report having had CPP in their lifetime.1 A poll of
5263 women revealed that 14.7% complained of CPP. Within this group of
individuals, 11% limited their home activity due to CPP, 11.9% limited
their sexual activity, and 15.8% took medication for this problem.2 Chronic
pelvic pain is the major indication for gynecologic laparoscopy in 15–40%
of cases.3

Interpreting a patient’s description of acute pain can be difficult. For the
patient with chronic pelvic pain, this endeavor is yet more challenging.
Misdiagnosis is common, often leading to both physician and patient frus-
tration. A detailed history and physical examination are overwhelmingly
the most important factors in achieving an accurate diagnosis. Likewise,
understanding the pathophysiology and varied manifestations of chronic
pain is essential in generating a complete differential diagnosis. 

The varied forms of pain

The taxonomy of pain may be based upon factors as varied as pathophysi-
ology, chronicity, site, or etiology. For the purposes of this discussion, four
clinically useful classes are somatic, visceral, neuropathic, and referred
pain. 

Somatic pain is easily localized, well discriminated, circumscribed, and
may be distributed along dermatomes. Examples of somatic pain are a cut
on the finger or stub of the toe. By contrast, visceral pain is often more dif-
fuse and may be difficult for the patient to localize. It is the most common
type of pain encountered in treating patients with pelvic pain. Visceral pain
is transmitted by small-diameter unmyelinated and myelinated pain fibers
(C and A fibers, respectively) that travel with the axons of the autonomic
nervous system and project to visceral input association neurons of the
brainstem. Strong contractions of the gastrointestinal system, distention, or
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ischemia affecting the walls of the viscera can induce severe visceral pain.
Solid viscera typically have less sensitivity than hollow viscera in response
to noxious stimuli. Visceral pain is typically accompanied or manifested by
autonomic responses such as nausea, vomiting, sweating, and pallor.
Common examples of visceral pain are renal colic, pain caused by chole-
cystitis, early acute appendicitis, and ulcer pain. Referred pain, which is
pain sensed in a different location than the ‘pain generator,’ is a common
finding in those suffering visceral pain.

Neuropathic pain is produced by altered structure and/or function within
the central or peripheral nervous system. Neuropathic pain is the result of
an injury or malfunction in the peripheral or central nervous system.4

Nerves can be infiltrated or compressed by tumors, strangulated by scar tis-
sue, or inflamed by infection. This pain is often triggered by an injury; but
this injury may or may not involve obvious damage to the nervous system.
The pain frequently has burning, lancinating, or electric shock qualities.
Persistent allodynia, pain resulting from a nonpainful stimulus such as a
light touch, is also a common characteristic of neuropathic pain. 

Neuropathic pain may persist for months or years beyond the apparent
healing of any damaged tissues. In this setting, pain signals no longer repre-
sent an alarm in response to ongoing or impending injury; rather, the alarm
system itself is malfunctioning. An example of neuropathic pain is post-
herpetic neuralgia. Other patients with neuropathic pain may have severe,
spontaneous pain without allodynia, possibly secondary to increased sponta-
neous activity in deafferented central neurons or reorganization of central
connections. An imbalance involving loss of large inhibitory fibers and an
intact or increased number of small excitatory fibers has been suggested.5

Neuropathic pain is frequently chronic, and tends to have a less robust
response to treatment with opioids, but may respond well to other drugs such
as antiseizure and antidepressant medications. Usually, neuropathic problems
are not fully reversible, but partial improvement is often possible with proper
treatment. 

A common problem that often confounds diagnosis is referral of pain.
Referred pain is pain perceived at a site different from its point of origin but
innervated by the same spinal segment. It is hypothesized that visceral and
somatic afferent neurons converge on the same dorsal horn projection neu-
rons (convergence-projection hypothesis).6 For this reason, it can be diffi-
cult for the brain to correctly identify the original source of pain. For
example, a female with a ureteral stone may complain of ipsilateral labial
pain. This is secondary to visceral afferent nociceptors within the ureter
converging on the same pain-projection neurons as the afferents from the
labia in which the pain is perceived. The brain has no way to discriminate
the actual source of the input and mistakenly projects the sensation to the
somatic structure7 (Figure 16.1). 
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Evaluation of chronic pelvic pain

As the complex pathophysiology of chronic pain suggests, accurately diag-
nosing the CPP patient can be extremely challenging, and is complicated
further by a daunting differential diagnosis (Table 16.1). An accurate his-
tory is the single most important part of the patient’s evaluation. Pertinent
information regarding urologic, gynecologic, gastrointestinal, musculo-
skeletal, and neurologic systems must be elicited in order to initiate goal-
directed therapy. The specific nature, location, and radiation of the pain, as
well as its temporal relationship to any inciting event or cyclic pattern, must
be noted. The social and psychological causes and effects of the pain must be
explored. Ultimately, issues discussed may help guide therapy and facilitate
rapport, and the discussion itself may prove therapeutic.8

CPP patients frequently have other systemic complaints. For reasons not
entirely clear, chronic pain often encompasses a progressively larger
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Figure 16.1 An obstructing ureteral stone associated with pain perception at multiple
sites. Courtesy of Dr R Moldwin.
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Table 16.1 Differential diagnoses of chronic pelvic pain in the female patient

Urologic Gastrointestinal
Bladder neoplasm Chronic intermittent bowel obstruction
Chronic urinary tract infection Colitis
Detrusor-sphincter dyssynergia Colonic carcinoma
Interstitial cystitis Constipation
Radiation cystitis Diverticular disease
Recurrent acute cystitis Hernias
Recurrent acute urethritis Inflammatory bowel disease
Urethral caruncle Intestinal ischemia
Urethral diverticulum Irritable bowel syndrome
Urethral syndrome
Urolithiasis

Gynecologic (extrauterine) Musculoskeletal
Adhesions Abdominal wall myofascial pain 
Adnexal cysts Chronic coccygeal pain
Chlamydial endometritis or salpingitis Compression of lumbar vertebrae
Chronic ectopic pregnancy Degenerative joint disease
Endometriosis Disk herniation
Endosalpingitis Faulty or poor posture
Ovarian retention syndrome Fibromyositis
Pelvic congestion syndrome Lower back pain
Postoperative peritoneal cyst Muscular sprains and strains
Residual accessory ovary Neoplasia spinal cord or sacral nerve
Tuberculous salpingitis Neuralgia

Pelvic floor dysfunction (levator ani spasm)
Piriformis syndrome
Rectus tendon strain
Spondylosis

Gynecologic (uterine) Miscellaneous
Adenomyoma Abdominal cutaneous nerve entrapment in
Atypical dysmenorrhea or ovulatory pain surgical scar
Cervical stenosis Abdominal epilepsy
Chronic endometritis Abdominal migraine
Endometrial or cervical polyps Depression
Intrauterine contraceptive device Familial Mediterranean fever
Genital prolapse Neurologic dysfunction
Leiomyomata Porphyria

Shingles
Sleep disturbances
Somatic referral

From Reference 8.
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anatomic area.8 For example, up to 90% of CPP patients complain of back-
aches and 60% endorse headaches.9 Because of the common innervation of
various urologic, gynecologic, gastrointestinal, and musculoskeletal struc-
tures, the location of a patient’s pain is often misleading. Severe colonic dis-
tention typically localizes to its corresponding abdominal quadrant, but due
to the length of the colonic mesentery, this pattern does not always hold.10

Severe midline or infraumbilical pain may emanate from the uterus,
adnexal structures, and lower urinary tract (Table 16.2). Small bowel pain
tends to localize to the periumbilical area, whereas bladder and vaginal pain
localize over the mons pubis or groin. Lower sacral and posterior midline
pain can emanate from the uterosacral ligaments, posterior cul-de-sac, or
cervix. Concomitant ventral and dorsal pain suggest intrapelvic pathology,
whereas isolated back pain is rarely urologic, gynecologic, or gastrointestinal
in origin.12,13

The lack of reliability of pain location is born out by Baker and Symonds’
series of 60 women with CPP and negative laparoscopy: 45% had unilateral
pain, 20% had bilateral pain, and 35% generalized pain.14 However,
Kresch reported 83% of his subjects to have positive laparoscopic findings,
most of which described their pain’s location to be unchanged for at least
6 months.15 Interestingly, Peters found that performing laparoscopy in
women with prior history of negative laparoscopy did not improve their
outcome any more than multidisciplinary pain therapy without laparoscopy.16

Even with the location of a patient’s pain being misleading on occasion,
certain salient features of the history and physical examination can assist
the clinician in arriving at the correct diagnosis (Tables 16.3 and 16.4).
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Table 16.2 Referred sites of pain from pelvic viscera

Structure Segmental innervation Potential site of referred pain

Ovaries T10–T11 Lower abdomen, lower back
Uterus T10–L1 Lower abdomen, lower back
Fallopian tubes T10–L1 Lower abdomen, lower back
Perineum S2–S4 Sacral apex, suprapubic region, rectum
External genitalia L1–L2, S3–S4 Lower abdomen, medial anterior thigh,

sacrum
Kidney T10–L1 Ipsilateral lower back, upper abdomen
Bladder T11–L2, S2–S4 Thoracolumbar, sacrococcygeal, suprapubic 

regions
Ureters T11–L2, S2–S4 Groin, upper and lower abdomen 

Suprapubic, anteromedial thigh,
thoracolumbar regions

From Reference 11.
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Further diagnostic testing should be performed on the basis of suspected
pathology. For example, a patient presenting with low-volume, day and
nighttime urinary frequency with increased pelvic pain/discomfort with
bladder filling might have interstitial cystitis. A urinalysis would be man-
dated in this situation to exclude other pathologies, i.e. bladder cancer,
urinary tract infection, etc. The clinician should consider obtaining a urine
specimen for cytologic examination in the older patient or one with a long
smoking history. Further diagnostic evaluation to demonstrate the bladder
as the ‘pain generator’ might include the use of bladder hydrodistention
under anesthesia or the intravesical instillation of potassium chloride
(causes an increase in pelvic pain in many interstitial cystitis patients).
Another method to diagnose pain of bladder origin is the intravesical instil-
lation of anesthetics. In this instance, a significant decrease in pain strongly
suggests pain of bladder origin. Intravesical instillation of about 30 ml of a
1:1 solution of 0.5% bupivacaine and 2% lidocaine reduced pain by �50%
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Table 16.3 Specific patient complaints regarding chronic pelvic pain and associated
common diagnoses

Symptoms Abbreviated differential diagnosis

Pain worsening premenstrually and Endometriosis
throughout menses

Pain accompanied by poor urinary flow/ Pelvic floor or bladder neck dysfunction;
urinary hesitancy and constipation anatomic obstruction, i.e. prolapsing

cystocele

Dysuria, dyspareunia, urinary dribbling Urethral diverticulum; urethritis

Pain with radiation to lower extremities Spinal pathology (cord compression,
stenosis, etc.)

Pain decreased while supine, increased Pelvic congestion syndrome, pelvic 
while upright prolapse 

Lateralized pain and hematuria Urolithiasis, urinary tract obstruction,
neoplasm

Crampy abdominal pain and alternating Irritable bowel syndrome; diverticular  
diarrhea/constipation disease

Entry dyspareunia Lichen sclerosis, atrophic vaginitis,
vulvodynia

Deep dyspareunia Pelvic inflammatory disease, interstitial
cystitis, endometriosis, pelvic floor spasm

Increased pain with bladder filling, urinary Interstitial cystitis or other bladder  
frequency, and nocturia pathology
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in 77% of 80 interstitial cystitis patients studied. The only adverse effect
infrequently encountered was short-lived urinary retention.17 A diagnosis of
pelvic congestion syndrome might be entertained in the patient who has no
voiding or gastroenterologic complaints, but describes her pelvic pain to
worsen with sitting and standing and markedly decrease in the supine posi-
tion. In this instance, pelvic ultrasonography or pelvic venography should
be considered. The clinician might consider magnetic resonance imaging
(MRI) of the spine in the CPP patient with no obvious pelvic pathology, but
who describes lower extremity radiation of her pain. 

Conclusion

Chronic pelvic pain often poses a frustrating clinical situation to both the
patient and clinician. In many instances, the patient has sought advice from
multiple clinicians and has been studied with enumerable and frequently
fruitless diagnostic tests. Knowledge of the body’s pain perception mecha-
nisms and proficient patient interviewing skills are of paramount importance
in formulating an effective plan for further management. In the event that
therapy applied to a diagnosed condition fails, one must consider clinical
re-evaluation.
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Table 16.4 Physical examination findings in chronic pelvic pain patients and associated
common diagnoses

Signs Abbreviated differential diagnosis

Discrete abdominal wall tenderness Ventral hernia

Midline suprapubic tenderness Urinary retention, interstitial cystitis,
pelvic inflammatory disease

Lateralized lower quadrant tenderness Adnexal pathology, colonic diverticular
disease, urolithiasis

Introital lesions/vaginal discharge Vaginitis, nonspecific vulvovaginitis
(vulvodynia), lichen sclerosis

Anterior vaginal wall tenderness Urethral diverticulum, urethritis,
interstitial cystitis

Pelvic floor muscular tenderness Pelvic floor spasm 
associated with ‘trigger points’ 

Uterosacral ligament nodularity and pain Endometriosis
to palpation
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Introduction

Surgery is the effective form of treatment of pelvic floor disorders when
there is an anatomic defect. Any surgical procedure can result in immedi-
ate, delayed, general, or specific complications. Some complications are spe-
cific to pelvic surgeries like obstructive symptoms after anti-incontinence
procedures and injuries of the surrounding structures. The female genital
and urinary tracts are closely related, so the potential for injury to one must
always be considered when operating on the other. Most complications
are addressed in another chapter. The following are some of pelvic floor
surgical procedures with their related complications.

Anti-incontinence procedures

Surgical intervention for the treatment of stress urinary incontinence has
evolved over time. The majority of procedures performed today are mini-
mally invasive, and can be performed as an outpatient or office procedure.
Like any surgical procedure, the most common complications include sub-
sequent infection or bleeding; however, there are a few complications that
are specific to urinary incontinence surgery.

Traditionally, bulking agents have been utilized to treat patients with
stress urinary incontinence secondary to intrinsic sphincter deficiency (ISD)
versus patients who have urethral hypermobility. Patients with ISD experi-
ence high-grade urinary leakage with a low abdominal leak point pressure
during minimal exertion. 

Collagen

Contigen is a US FDA (Food and Drug Administration)-approved highly
purified bovine glutaraldehyde cross-linked collagen. Intradermal skin test-
ing 4 weeks prior to the injection is required to evaluate for a hypersensi-
tivity reaction. The most common complication reported with collagen
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injection is transient urinary retention. Urinary tract infections, hematuria,
and de-novo urgency have also been reported. Patients with pre-existing
connective tissue disorders are at an increased risk of hypersensitivity reac-
tions, accelerated implant biodegradation, and exacerbation of their dis-
ease, thought to be due to an exacerbation of cell-mediated immunity.
Development of a sterile abscess at the injection site has also been reported
with collagen injections. 

Teflon

Teflon is made of small particles (�100 lm) that are permanent. This mate-
rial is not FDA approved in the United States due to reports of distal migra-
tion of the injected material traveling to the brain, lungs, lymph nodes,
kidneys, and spleen. Granuloma formation at the injection site have also
been reported.

Silicone polymers

Silicone particles are suspended in a hydrogel medium that contains larger
particle sizes (�100 lm). Because of the high viscosity of the mixture, and
increased viscosity upon exposure to air, higher pressures are required for
injection. Because of the larger particle size, migration to distal sites should
be limited. This material is still pending FDA approval in the United States. 

Durasphere

Durasphere is a US FDA-approved material for the use of periurethral bulk-
ing. It is a mixture of nonabsorbable pyrolytic carbon-coated zirconium
oxide beads suspended in a glucan carrier gel, with a bead size of 250–300
lm. Because of its high viscosity, a large-bore needle is required for injec-
tion, leading to a higher incidence of local edema, local discomfort, tran-
sient urgency, and transient urinary retention. An embolic phenomenon can
occur if Durasphere is injected in or near the periurethral venous complex;
therefore, patients with a history of right-to-left intravascular shunts should
be advised not to undergo injections with Durasphere. 

Autologous fat

Fat harvested from liposuction has been used as a periurethral bulking
agent; however the durability of aspirated adipocytes is poor, leading to dis-
appointing results. Although de-novo urgency and urinary tract infections
have been reported, the major complication of autologous fat injection is a
fat embolic event (Table 17.1).
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Mid-urethral slings

Minimally invasive mid-urethral slings have become the mainstay of treat-
ment for women with stress urinary incontinence due to hypermobility and
can be performed via lower abdomen or through the obturator foramen.
There is no standardized method of determining proper tension of the sling,
but success depends on tensionless placement of the sling. Transient
obstructive urinary retention is the most common complication, and most
are managed with timed voiding, double voiding, and self clean intermittent
catheterization. A small percentage of patients (2.8–10%) experience pro-
longed urinary retention and require surgical urethrolysis and release of the
sling material to restore spontaneous voiding.1 Another complication is the
development of de-novo urge incontinence. Reduction of obstructive com-
plications has been achieved by adopting the transobturator technique
(TOT).

An uncommon but serious complication that has been reported in the lit-
erature is bowel perforation during insertion of a tension-free vaginal tape
(TVT) (Gynecare, Ethicon, Inc., New Brunswick, NJ) and Sparc (American
Medical Systems, Minnetonka) trocar through the retropubic space.2 Any
patient with a prior history of abdominal or pelvic surgery is at a greater
risk of this complication due to intestinal loops adherent to the pubic sym-
physis or in the space of Retzius. Preoperative imaging prior to the trans-
abdominal approach may be prudent, and opting for a transobturator
approach would eliminate this potential complication. Other reported
complications from a transabdominal approach include iliac and femoral
artery and vein injuries, hemorrhage, pelvic hematoma, obturator nerve
injury, bladder perforation, bladder calculi, and erosion of the vagina, ure-
thra, and bladder. Transobturator techniques avoid major vessels, nerves,
and viscera, making it a safer procedure. 
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Table 17.1 Bulking agents

Bulking agent Trade name Company FDA approval

Collagen Contigen CR Bard Approved

Carbon-coated Durasphere Boston Scientific Approved
zircronium oxide
beads

Ethylene vinyl Uryx
alcohol copolymer

Macroplastique Uroplasty Inc. Pending

Zudex Pending
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Polypropylene mesh erosion into the vagina and/or urethra postopera-
tively has been reported. Patients usually complain of persistent vaginal
discharge postoperatively; however, asymptomatic mesh erosion can be diag-
nosed during a routine pelvic examination. Patients may also present with
vaginal or pelvic pain, vaginal bleeding, or recurrent urinary tract infections.
Treatment of erosion is controversial; however, most experts would agree
that urethral or bladder erosion should be managed with surgical removal of
the mesh. Small vaginal erosions may be managed with surgical excision or
managed conservatively with close observation, resulting in complete
spontaneous healing.3

Traditional pubovaginal slings

Traditionally, sling procedures for stress urinary incontinence involved sus-
pension of the bladder neck and proximal urethra, which required a more
extensive dissection and inpatient hospital stay. Sling material included
autologous grafts such as rectus fascia, fascia lata, vaginal wall, round lig-
ament and dermis, allografts, xenografts, and synthetic material. The major
risk with harvesting autologous fascia has been associated with wound
infection, hematoma, and entrapment of the genitofemoral nerve with the
rectus fascia and the perineal nerve with the fascia lata.4 As with the mini-
mally invasive slings, there is a risk of transient urinary retention, de-novo
urge incontinence, and permanent urinary retention requiring a surgical
release of the sling. If bone anchors are utilized, complications such as
chronic pelvic pain, retropubic abscess, osteitis pubis, and osteomyelitis
have been reported. 

Allograft materials such as cadaveric fascia and cadaveric dermis have
eliminated the complications associated with autologous fascia harvesting.
Although remote, there is a risk of transmission of prion disease. 

Retropubic colposuspension

Retropubic procedures were the mainstay of treatment of stress urinary
incontinence until the minimally invasive, mid-urethral slings were intro-
duced. These procedures include Burch colposuspension, Marshall–
Marchetti–Krantz (MMK) paravaginal repair, and needle urethropexy. The
main goal of these procedures was to support the bladder neck and proxi-
mal urethra in a retropubic position. Today, retropubic procedures can be
done open or laparoscopically; however, laparoscopic procedures will not
be discussed in this chapter. 

Most retropubic procedures utilize two permanent sutures on each side
of the mid-urethra and bladder neck, which are passed through Cooper’s
ligament and tied without tension. Intraoperatively, injury to the external
iliac veins can result during placement of sutures. The most common com-
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plication with these procedures is transient urinary retention. De-novo urge
incontinence and worsening of existing urgency and urge incontinence, and
the development of an enterocele, are also associated with retropubic col-
posuspensions. Patients who are obese, menopausal, or have undergone
prior hysterectomy or any anti-incontinence procedure are at an increased
risk of surgical failure. 

Complications of pelvic floor prolapse surgery

Cystocele repair

The most common minor complications after an anterior colporrhaphy
include recurrent cystocele, new-onset enterocele, transient urinary reten-
tion, de-novo stress incontinence, and de-novo urge incontinence. More
serious complications include bladder injury during vaginal flap dissection
or suture placement, ureteral obstruction secondary to suture passage, and
injury or entrapment of the genital branch of the genitofemoral or ilioin-
guinal nerve. The development of dyspareunia is also a concern; however,
it is more common with rectocele repairs. 

Bladder injury should be repaired in a two-layer closure with cystoscopy
performed to confirm bladder and ureteral integrity. Ureteral injury is
excluded by cystoscopy and visualization of indigo carmine-colored urine
from each ureteral orifice. 

Enterocele repair

Complications after an enterocele repair are uncommon: the most serious
are rectal injury, small bowel injury, significant hemorrhage from suture
passage through the levator muscle, ureteral injury, and vaginal eviscera-
tion.5 Rectal and small bowel injuries may be avoided with meticulous
dissection and careful insertion of the purse-string sutures. Correct identifi-
cation of the yellow perirectal fat will aid in the prevention of rectal
injuries, and avoidance of excessive pressure with retraction instruments
will prevent retractor-type injury. Immediate recognition and repair of the
rectum and small bowel is the mainstay of treatment. 

Inadvertent bladder injury is usually identified with intraoperative cys-
toscopy, and repaired in two layers with delayed absorbable suture.
Ureteral injuries are excluded by giving the patient intravenous indigo
carmine and furosemide followed by cystoscopy and visualization of nor-
mal efflux of indigo carmine from the ureteral orifices. If there is no efflux,
patency can be assured by placing a ureteral stent. Ureteral injury during an
enterocele repair is most likely to occur with the placement of the purse-
string suture. If a ureteral stent cannot be placed, the purse-string suture
should be removed and the patient re-cystoscoped to assure patency. 
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Vaginal evisceration is a rare and life-threatening surgical emergency
sometimes seen postoperatively after an enterocele repair. A literature
review carried out by Virtanen et al6 showed that the majority of eviscera-
tions were after transabdominal repairs of the enterocele. Evisceration
occurs through the vaginal cuff, and can be avoided by careful vaginal cuff
closure and complete obliteration of the peritoneal sac. 

Rectocele repair

Minor complications after posterior compartment surgery are persistent or
worsening bowel symptoms such as constipation, incomplete evacuation,
and fecal incontinence. Dyspareunia or apareunia can also occur after a rec-
tocele repair. This is thought to be secondary to levator plication. Excessive
tightness or narrowing of the introitus and vagina can also occur, con-
tributing to dyspareunia symptoms. A more serious injury is a rectal injury.
Again, immediate identification and repair of the injury with a two-layer
closure using delayed absorbable suture is the treatment of choice. 

Sacrospinous ligament fixation

Sacrospinous ligament fixation is used in transvaginal repair of vault pro-
lapse. Many important structures in close proximity to the ligament must
be avoided during the procedure. The pudendal vessels and nerve and the
nerve to the obturator internus all travel around the ischial spine. The
hypogastric vessels, sciatic nerve, and gluteal artery are in close proximity
to the sacrospinous ligament. 

Minor complications include recurrent pelvic relaxation, such as anterior
and posterior vaginal wall prolapses. Genital pain or discomfort most com-
monly result from small nerve entrapment, and the complication is usually
transient. Vaginal narrowing, leading to sexual dysfunction, can also occur.
More serious injuries are hemorrhage that requires transfusion and bladder
and rectal injuries that require immediate repair. Spontaneous resolution of
chronic gluteal pain, or pudendal, sciatic, or lumbar plexus neuropathies
can also occur. 

Bladder substitution and augmentation

Bladder carcinoma is the second most common genitourinary tumor, and
in the United States nearly 55 000 patients are diagnosed annually, with
12 000 dying from the disease.7 Radical cystectomy with urinary diversion
is the standard treatment of invasive bladder cancer.
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Ileal Conduit (IC)

Ileal conduit (IC) urinary diversion, which is technically the simplest type of
diversion, is associated with the least amount of postoperative complica-
tions. It is a noncontinent cutaneous diversion that requires an external uri-
nary collecting device. An isolated 15 cm segment of ileum 15 cm distal to
the ileocecal valve, is used. The distal end of the conduit is secured to the
anterior abdominal wall as a stoma, along with direct mucosal-to-mucosal
ureteroenteric anastomosis to the proximal end of the conduit. Most com-
plications are related to the stoma, and the majority of these can be avoided
by careful preoperative selection and marking of the stoma site. An ill-
fitting external collection device, resulting from a stoma placed in a skin
crease, belt line, or over pre-existing scars, can lead to persistent urinary
leakage, skin breakdown, and dermatitis. A poorly fitted device leads to
chronic skin exposure to alkaline urine, causing irritation and blistering.
Patient neglect of the stoma, poor hygiene, and the inability to properly care
for the stoma site may contribute to chronic skin problems.

Other complications related to the stoma include parastomal hernias,
stomal stenosis, and retraction of the stoma. Patients are instructed to avoid
straining and heavy lifting in the first 3 months after surgery, which will
help prevent parastomal hernia and prolapse formation.

Continent cutaneous diversion

The Indiana pouch (IP) is a viable option for patients who have good man-
ual dexterity, are motivated and do not want an external drainage device,
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Table 17.2 Summary of the electrolyte abnormalities specific to the segment of bowel
used

Intestinal segment utilized Electrolyte abnormality Preferred treatment

Stomach Hypochloremic H2 blockers
Hypokalemic Proton pump inhibitors
Metabolic alkalosis

Jejunum Hyponatremic NaCl
Hyperkalemic NaHCO3
Hypochloremic
Metabolic acidosis

Ileum/colon Hyperchloremic NaHCO3
Metabolic acidosis Bicitra/polycitra
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but their urethra is unable to be utilized for reconstruction. The IP allows
patient to remain dry for at least 4 hours without having to catheterize the
stoma, and many patients can remain continent during the normal sleep
interval without requiring catheterization.

The right colon and 8–10 cm of the terminal ilium is mobilized, and the
terminal ileal segment is plicated to create the efferent limb for catheteriza-
tion. Direct mucosal-to-mucosal ureteroenteric anastomosis in the afferent
limb are performed. Early minor complications (�3 months postoperatively)
that can occur with continent cutaneous diversions include dehydration,
electrolyte abnormalities, superficial wound infections, prolonged ileus,
hydronephrosis, pyelonephrosis, and pelvic fluid collections. Superficial
wound infections may be increased in patients who undergo IP as a result
of the higher bacterial count in the colon despite adequate bowel prepara-
tion prior to surgery. Late complications (�3 months postoperatively)
unique to the continent cutaneous diversion include difficulty in catheteriz-
ing the stoma, intermittent urinary leakage, pouchitis, and stone formation
in the pouch. Major late complications include IP to vagina fistula and
ureteral stricture formation.8

The majority of patients who have initial difficulty catheterizing the
pouch do not require surgical revision, and the difficulty resolves over time.
The plicated ileal limb provides compression and urinary continence based
on a competent ileocecal valve. 

Urinary calculi in reservoirs have been reported to be a frequent late com-
plication. The majority of stones can be successfully managed percuta-
neously. It has been found that the majority of these stones are not
associated with foreign material, but due to noncompliance with clean
intermittent catheterization.9 Most of the stones contain struvite, indicating
an infectious etiology. Pouch irrigation on a regular basis can minimize
infection and stone formation. Surgical revision of the efferent limb is
required when there is significant limb elongation due to stomal stenosis,
leading to residual urine, recurrent pouch calculi, and recurrent pouchitis. 

Orthotopic neobladder continent diversion

With better understanding of female pelvic anatomy and the sphincteric
mechanism, lower urinary tract reconstruction with direct anastomosis to
the urethra in women is a viable option. Sparing the rhabdosphincter mech-
anism (distal two-thirds of the female urethra) allows the patient to resume
volitional voiding by Valsalva. In the postoperative period, voiding educa-
tion is of paramount importance, including instruction on pelvic floor
relaxation, timed voiding, and frequent follow-up visits. Traditionally,
48–60 cm of ileum, 15 cm distal to the ileocecal valve, is utilized for pouch
formation, with direct anastomosis of the pouch to the native urethra,
along with direct mucosal-to-mucosal ureteroenteric anastomosis. 
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Early minor complications that occur with orthotopic neobladders
(ONBs) are similar to continent cutaneous diversions, including prolonged
ileus, dehydration, electrolyte abnormalities, superficial wound infection,
urinoma, and pelvic fluid collections. The most common late complications
are urinary retention that requires clean intermittent catheterization, mild
stress incontinence, bladder neck contracture, ONB to vagina fistula, ONB
to small-bowel fistula, small-bowel obstruction, and ureteral strictures.
Hautmann et al10 described 11-year results of 363 patients following
cystectomy and ileal neobladder. Early and late neobladder-related compli-
cations occurred in 15.4% and 23.4% of patients, respectively. The re-
operation rate for neobladder-related complications was 0.3% (early) and
4.4% (late). 

Preservation of the anterior vaginal wall, endopelvic fascia, and pub-
ourethral ligaments should be performed, as these structures may play an
important role in urinary continence and sexual function. Preservation of
these structures maintains vaginal length and support, preventing pelvic
descent. Placement of an omental flap may decrease fistula formation and
provide additional urethral support. Anterior vaginal wall prolapse result-
ing in a ‘pouchocele’ effect with associated urinary retention has been
reported.11

In a recent review by Fujisawa et al,12 11 women underwent a modified sig-
moid neobladder. Their voiding pattern and continence status were evalu-
ated at 3 months, with measured neocystourethral angles. Leaving the
anterior vaginal wall intact allowed preservation of a wide neocystourethral
angle (range 110–180�), thus avoiding development of a severe angle and
‘hypercontinence’. It has been suggested that urinary retention may be due to
the combination of a severe neocystourethral angle, a downward migration
of the neobladder, and a low pressure reservoir.13

Urinary fistulas tend to occur early in the postoperative course. A well-
vascularized omental pedicle graft interposed between the reconstructed
neobladder and the vagina along with avoiding overlapping suture lines
aids in the prevention of fistula formation and postoperative prolapse. 

Urinary leak at the anastomotic site is greatly reduced by the use of soft
Silastic ureteral stents at the time of surgery. A urinary leak may lead to
periureteral fibrosis and subsequent stricture formation, leading to
hydronephrosis, pyelonephritis, and/or deterioration of kidney function.14

A left ureteral stricture formation is more common because the left ureter
is tunneled under the mesentery beneath the inferior mesenteric artery, also
causing slight angulation of the ureter. 

Certain electrolyte abnormalities are specific to the type of bowel seg-
ment utilized. Other metabolic disturbances after a diversion include
abnormal drug metabolism, altered hepatic metabolism, osteomalacia,
and growth retardation. Jejunum should not be used in reconstruction to
minimize these complications. 
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Augmentation cystoplasty

Augmentation cystoplasty can be performed in patients who suffer from
severe detrusor instability combined with intractable urge incontinence, and
a small bladder capacity, refractory to conservative therapy. Patients must
have good manual dexterity, and be taught self-clean intermittent catheteri-
zation preoperatively. The most common enterocystoplasty is the utilization
of a detubularized ileal segment anastomosed to a widely bivalved bladder;
however, large-bowel cystoplasties are also performed. Minor compli-
cations include symptomatic urinary tract infections, mucus retention,
prolonged ileus, chronic diarrhea, and bladder calculi. Major complica-
tions include bowel obstruction, patch necrosis, perforation of augmented
bladder, malignant transformation, and metabolic disturbances.15

Pregnancy and augmentation

Pregnancy in patients with complex genitourinary reconstruction is becom-
ing more common. Women with a history of congenital anomalies and neu-
rogenic bladder who have undergone augmentation cystoplasty at a young
age are now reaching potential childbearing age. Little work has been done
to study bladder function during the course of pregnancy. The most com-
mon complication in these patients during pregnancy is a urinary tract
infection. Important risk factors include increased residual urine, ureteral
dilatation, and diminished tone of the upper tract. Any cases of a urinary
tract infection must be treated promptly to prevent premature labor and
fetal morbidity. Renal function must be monitored closely, including serial
serum creatinine and uric acid levels to detect pre-eclampsia. 

Some urologists recommend a cesarean section for delivery to avoid dis-
ruption of the continence mechanism during a vaginal delivery.16–18 This is
especially true if a patient has undergone extensive bladder neck repair.
However, multiple studies have shown successful pregnancies with sponta-
neous vaginal deliveries with no detrimental effect on all types of urinary
diversions. A study by Schilling et al showed that the mesenteric pedicle for
diversions extended cranially and laterally away from the uterus, and the
pedicle of augmented bladders tended to cover the uterus.19 Interestingly,
neither diversion type prevented the rise of the uterus during pregnancy. It
is speculated that a gradual increase in the size of the uterus during preg-
nancy allows the mesentery to stretch slowly, accommodating the uterus. A
study by Quennevilk et al reported three cases of women who had an ileo-
cystoplasty combined with a modified fascial sling, delivered vaginally, and
continence was unchanged.20

If a cesarean section is indicated, it should be done electively, and a urol-
ogist with knowledge of the anatomy of the cystoplasty should be present.
The mesenteric blood supply to the cystoplasty must be avoided. The
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mesentery of the augmented bladder may be pushed aside by the uterus, or
it may be draped over it. The mesenteric blood supply can be interrupted
during the procedure and may not obvious at the time or surgery or imme-
diately afterward. Revision of the enterocystoplasty might be needed if the
enteric segment contracts and the bladder capacity is reduced. 

Pregnancy and vaginal delivery after augmentation cystoplasty, inconti-
nent diversions, and continent diversions is possible. Urologists and obste-
tricians should be aware of the potential complications of pregnancy and
delivery. 

Complications related to patient positioning 

The majority of anti-incontinence surgeries are performed with the patient
in a dorsal lithotomy position. Patients in an improper dorsal lithotomy and
Trendelenburg position for longer than 4 hours are at an increased risk of
neuropraxia, deep vein thrombosis, and compartment syndrome.21 A com-
bination of a head-down position, angulation of the hips and lower limbs,
with bad calf supports decreases arterial perfusion and increase intracom-
partmental pressure, increasing the risk of significant complications.
Ideally, the patient should be positioned by the surgeon, utilizing Allen
stirrups, and assuring no leg overflexion. If the anticipated procedure takes
longer than 4 hours, the legs should be removed from the stirrups every
2 hours to prevent reperfusion injury.

Sequelae from nerve injury include foot drop, paresthesia, ankle equines,
and claw or hammer toes, all of which lead to gait impairment. Other risk
factors for the development of nerve damage include patients with narrow
pelvis, thin patients, extensive retroperitoneal pelvic dissection, Pfannenstiel
incision beyond the edge of the rectus muscle, and the use of shoulder
braces. Nerve damage from improper retractor placement can also occur.
Ileoinguinal nerve entrapment can result from suture placement. Patients
will experience pain and difficulty in walking but can be treated by excision
of the offending suture.22

Prevention

Good surgical training, thorough preoperative history and diagnostic work-
up, in addition to the awareness of the anatomy of pelvis, are the best ways
to avoid complications.
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Introduction

Interstitial cystitis (IC) is a chronic, debilitating disease of the urinary blad-
der characterized by urinary frequency, nocturia, urgency, and frequently
pain. It affects more females than males by a ratio of approximately 10:1.1

Recently, the International Continence Society (ICS) has developed a some-
what broader term for IC, described as ‘IC-painful bladder syndrome’. This
new term is defined as the complaint of suprapubic pain related to bladder
filling, and is accompanied by other symptoms, such as increased daytime
and night-time frequency in the absence of proven urinary infection or
other obvious pathology.2 The true prevalence of IC is not determined and
it may be underestimated. In 1997, Jones and Nyberg estimated that up to
1 million patients in the United States suffer from IC, and many of them are
unable to cope with day-to-day activities.3

Etiology and pathogenesis

Despite aggressive investigation in the past two decades, the cause and
pathophysiology of the disease remain elusive. Several theories of its patho-
genesis have been proposed, but none fully account for the manifestation of
the disease. 

Occult infection

Attempts to show an infectious etiology go back to the dawn of the disease,
but the case has never been a strong one. Bacterial, viral, and fungal stud-
ies were performed on IC patients, and they failed to substantiate an infec-
tious etiology. Infection with ‘atypical’ or fastidious organisms has been
proposed by numerous investigators. Domingue and Ghoniem suggested
that even if the organisms are not causative agents, their presence may lead
to immune and host cell responses that could initiate or exacerbate an
inflammatory state.4
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Defective mucosal layer (epithelial dysfunction)

The healthy bladder surface is coated by a thin mucinous substance, termed
bladder surface mucin (BSM), which is composed of numerous sulfonated
glycosaminoglycans (GAGs) and glycoprotein. This mucus lining prevents
urine and its contents from leaking through the urothelium and damaging
the underlying nerves and muscles. In IC patients, this layer is defective and
the epithelium is abnormally permeable. As a result, potentially toxic sub-
stances in urine are permitted to permeate the bladder muscle, depolarizing
sensory nerves and causing the symptoms of IC. One of the urine con-
stituents is potassium (K�), which is highly toxic to the bladder muscularis.
Therefore, a potassium sensitivity test has been developed to diagnose IC.

Mast cell involvement

Simmons, in 1961, was the first to suggest mast cells as a cause of IC.5 Mast
cells contain cytoplasmic granules, which in turn contain substances such as
histamine, leukotrienes, prostaglandins, and tryptases. All these substances
are capable of stimulating inflammation. Mastocytosis has been reported in
the bladders of 30–65% of patients with IC.6,7 Elevated levels of histamine
and its metabolites in the urine of IC patients were reported by some inves-
tigators. Others found overlap or no difference in urinary histamine excre-
tions in IC patients and controls.8,9 Whether mast cells have a primary or
secondary role in the etiology of IC is not exactly known.

Neurogenic mechanism

Neurogenic inflammation is a process by which nerves may secrete inflam-
matory mediators, resulting in local inflammation and/or hyperalgesia. This
pathogenesis is described in IC as well as in other painful syndromes. One
central component of this mechanism is substance P, a short-chain peptide
that functions as a nociceptive neurotransmitter in the central and periph-
eral nervous system and as an inflammatory mediator. When released by
peripheral nerves (C fibers or fibers associated with pain transmission), an
inflammatory cascade occurs that results in processes such as mast cell
degranulation and activation of nearby nerves. Supporting the role of neu-
rogenic inflammation in IC is the finding of increased numbers of substance
P-containing nerve fibers in the bladders of IC patients.10

Autoimmunity and inflammation

The exact role of autoimmunity in IC remains controversial, with no clear
indication of a primary role for autoimmunity as the cause of IC. Urothelial
activation in IC may result in aberrant immune responses and immune acti-
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vation within the bladder wall that could relate to the pathogenesis of the
disease. Numerous inflammatory mediators have been studied with regard
to their relation to IC. Bladder inflammation is categorized by elevated uri-
nary interleukin-6 and activation of the kallikrein–kinin system.11 Abdel-
Mageed and Ghoniem were the first researchers to find activated nuclear
factor kappa B in the bladder biopsies of IC patients.12 This nuclear factor
was also found in other inflammatory diseases such as rheumatoid arthri-
tis, inflammatory bowel disease, and bronchial asthma. Activation of this
nuclear factor was found to be responsible for the production of proin-
flammatory cytokines.13

Toxic substances in urine

The idea that the urine of IC patients carries a pathologic substance
accounting for the disorder has been suggested. The initial observation that
the urine of IC patients may contain pathological substances was suggested
when it was found that it inhibits the proliferation of cultured human tran-
sitional cells. Keay et al determined that the urine of IC patients, specifi-
cally, contains a low-molecular-weight protein factor, an antiproliferative
factor (APF), that inhibits bladder epithelium proliferation.14

Clinical picture

Patients can present with many symptoms. At the early stage of symptoms,
they may be misdiagnosed with recurrent or chronic urinary tract infection
before diagnosis of IC. These symptoms include urgency, frequency, pelvic
pain, pelvic pressure, bladder spasm, dyspareunia, dysuria, awakening at
night with pain, and pain that persists for many days after intercourse. The
location of pain includes the vaginal area, the lower abdomen, suprapubic
area, groin, or low back. Many symptoms are aggravated by menstruation
and most of the patients feel that sexual intercourse exacerbates their symp-
toms. Pain worsens if the bladder is full and it improves with voiding.
Bladder pain of IC is experienced suprapubically, in the perineum, vulva,
vagina, or in the back or medial thigh.

Most patients will also have nocturia, at least 1–2 times per night.

Symptoms scores

In 1997 O’Leary et al developed a questionnaire specifically to assess IC
patients.15 The questionnaire is composed of two sections, including symp-
toms and problem indices. The maximum scores are 20 and 16, respec-
tively. A second questionnaire, the University of Wisconsin IC Scale
(UW-ICS), includes 7 points, with a 0 (not at all) to 6 (a lot) rating scale.
The summated scale ranges from 0 to 42.16 These questionnaires are
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designed to evaluate the severity of IC symptoms and their regression or
progression with and without treatment.

Voiding diary

The number of daily voidings and average volume can be determined from
a voiding dairy, whereas each voiding is recorded and measured by the
patient (Appendix I). IC patients void an average of 16 times per day. A
voiding diary can be used to document frequency and to evaluate treatment.

Diagnosis

The diagnosis of IC is suspected by the clinician after exclusion of other dis-
eases that have a similar clinical picture, as no objective test exists. In
August 1987, the National Institute of Diabetes and Digestive and Kidney
Diseases (NIDDKD) established criteria to diagnose IC for research pur-
poses.17 Clinical application of these criteria in routine clinical practice will
miss 60% of patients with IC.18 Recently, there has been an attempt to
introduce determination of the urinary marker APF into the diagnosis of IC.

Physical examination

The main goal of examination is to exclude identifiable causes that may be
responsible for the patient’s symptoms. Abdominal examination is usually
normal in IC patients, except for occasional suprapubic tenderness. On
pelvic examination, identifiable diseases can be recognized or excluded. A
rectal examination should assess for other sources of perineal pain, such as
anal fissure, and the presence of masses. Rectovaginal and bimanual exam-
inations may reveal masses or implants suggestive of endometriosis. In the
classic IC patient, palpation of the anterior wall reveals a tender bladder
base; pelvic floor muscle spasm and tenderness are also usually found.
Occasionally, trigger points may be found along the levator ani muscles.

Urinalysis and cultures are required. Urine cytology should also be
obtained to rule out the possibility of carcinoma. If hematuria is found, a
full urinary tract work-up should be performed to exclude malignancy.

Cystoscopy

Cystoscopy is performed to exclude other bladder pathology, including car-
cinoma in situ and other malignancy. In the office, cystoscopy under local
anesthesia is usually normal in IC. However, cystoscopy and hydrodisten-
tion under anesthesia have more of a therapeutic than diagnostic role, as the
presence of glomerulations is not specific and their absence does not
exclude the diagnosis of IC. Water is infused at pressure of 80 cm H2O
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weight into the bladder until filling stops. Diminished bladder capacity
under anesthesia can be seen in patients with advanced forms of IC. The
bladder is distended for 2–5 minutes before all irrigant is released from 
the bladder. Terminal bloody efflux of irrigant suggests the diagnosis of IC.
The bladder is then re-examined cystoscopically. The appearance of
glomerulation (petechiae) (Figure 18.1) and/or Hunner’s ulcers (Figure
18.2), which appear as fissures or cracks in the epithelium, are consistent
with IC. The appearance of Hunner’s ulcers is not common in IC (11%),
although it has been suggested that its presence is a more specific sign than
glomerulation.19 Hydrodistention has a therapeutic role, as it can relieve the
IC symptoms in 30–50% of patients.20 Normalization of urine growth
factor abnormalities and APF was seen after hydrodistention.21

Urodynamics

Urodynamic studies are not routinely indicated in evaluation of IC patients.
It can be performed if the patient’s symptoms include incontinence, severe
urgency, or obstructive voiding complaints. Compliance may be normal or
decreased in IC patients.

Potassium sensitivity test

The potassium (KCl) sensitivity test is based on the assertion that bladder
epithelium is leaky in IC patients. Potassium in the urine crosses the urothe-
lium to the submucosa and muscle layer, causing sensory nerve irritation
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Figure 18.1 Cystoscopy following hydrodistention of the bladder, showing diffuse
glomerulation.
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and inflammation. The IC Committee in 2003 did not recommend the KCl
test because neither high sensitivity nor specificity has been established.2

Bladder biopsy

Bladder biopsy is not diagnostic for IC, but it is indicated to exclude other
possible diseases, particularly carcinoma. Biopsy is taken during cysto-
scopy, after hydrodistention, to avoid bladder perforation or rupture.

Urinary markers

Many urinary substances have been described as increased or decreased in
IC compared with controls. These substances, including histamine, inter-
leukins, glycosaminoglycans, hyaluronic acid, epithelial growth factors,
nerve growth factor, and others, were selected based on theorized etiologies
for IC. One of the major problems of using many of these substances as
diagnostic markers is that, while the levels may be statistically significantly
higher or lower in IC, most of the individual values significantly overlap
among control and IC subjects. Extensive reviews of urine markers have
been published.22 Glycoprotein 51 and APF did not show overlap between
controls and IC patients who met NIDDKD criteria. The level of APF is
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detected with an indirect assay based on inhibition of H-thymidine incor-
poration. The sensitivity and specificity of APF were 94% and 95%,
respectively.23 APF is more likely to be a diagnostic marker for IC.

Treatment

Management of IC patients should include different approaches, as often
these patients have comorbidities such as depressed mood.

Dietary modification

Avoidance of certain foods and beverages appears to improve the symptoms
in many IC patients. Fluid restriction, although it will decrease the fre-
quency, is not advised, as pain often worsens due to a higher concentration
of offending agents in the urine. Urine alkalinization may help.

Oral therapy

Oral medications are used to enhance the GAG layer (pentosan polysul-
fate), stabilize mast cells in the bladder wall (hydroxyzine), modulate neu-
ral input (amitriptyline, gabapentin), control pain (narcotics), control
inflammation (anti-inflammatory drugs), improve frequency (anticholiner-
gics), control dysuria (phenazopyridine), and to improve sleep (zolpidem). 

Intravesical therapy

Intravesical therapy can be used alone or in combination with oral therapy.
Its advantages include high local drug concentration in the bladder, mini-
mal systemic absorption, and a lack of significant systemic side-effects. 

Intravesical dimethyl sulfoxide

The beneficial effect of dimethyl sulfoxide (DMSO) appears to be its abil-
ity to release and ultimately deplete substance P from the bladder wall.
Initially, DMSO may exacerbate the symptoms as it may stimulate mast cell
degranulation and stimulate bladder efferent pathways to cause nitric oxide
release. DMSO is administered as a 50% solution or as a DMSO cocktail.24

The solution consists of 50 ml of 50% DMSO (Rimso-50), 10 ml of sodium
bicarbonate, steroid (40 mg triamcinolone), 10 000 units of heparin sulfate,
and 80 mg of gentamicin. The mixture is administered and the patient is
asked to hold it for 30–60 minutes. Patients may experience an initial flare
up of symptoms as a result of an increased substance P. These symptoms
usually improve after 2 weeks of treatment. Therapy is ultimately
discontinued when symptoms have been reduced and stabilized.

Interstitial cystitis 245

18 Chapter 1414  9/30/05  1:50 PM  Page 245



Intravesical heparin

Intravesical heparin is thought to enhance the protective feature of BSM.
Heparin also has antiinflammatory properties, inhibiting angiogenesis and
proliferation of fibroblasts and smooth muscle fibers. Self-instilled 20 000
IU of heparin can be used, and no changes in coagulation studies can
occur.25 The solution is held for 30–45 minutes, and then voided. Four to
12 months is often needed to attain a beneficial response.

Anesthetic cocktail

As the bladder is suspected to be the source of pain in the IC patient, direct
treatment of its surface may produce improvement of symptoms. The solu-
tion consists of bupivacaine and lidocaine. The patient is instructed to hold
the solution for 30 minutes, and the instillation is repeated on a weekly
basis for 8–12 weeks. 

Silver nitrate and Clorpactin WCS-90

Instillation of caustic agents, including silver nitrate and oxychlorosene, is
used in the treatment of IC. Success rates may vary from 50 to 80%.26 As
these agents are caustic, avoiding cystogram should be performed to
exclude any vesicoureteral reflux and to avoid upper urinary tract damage.
Bladder biopsy is contraindicated along with instillation of these agents to
avoid perivesical extravasations.

Bacillus Calmette-Guérin

Bacillus Calmette-Guérin (BCG) is an attenuated strain of Mycobacterium
bovis. BCG can provide a 60% improvement rate compared with 27%
using a placebo.27

Sodium hyaluronate

Sodium hyaluronate is a highly purified salt of hyaluronic acid. Hyaluronic
acid is a glycosaminoglycan component of BSM. Intravesical administration
of hyaluronic acid may improve the bladder lining and further protect the
bladder wall from the irritating effect of urine. It is available commercially
in Europe and Canada and although under investigation in the United
States, and the results were inconclusive.
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Capsaicin and resiniferatoxin

Capsaicin is the pungent component of Capsicum, the hot pepper. Chronic
application is known to be associated with C-fiber (unmyelinated nerve
fibers known for transmitting painful stimuli) desensitization. 

Surgical intervention

Hydrodistention

As previously mentioned, hydrodistention has therapeutic and diagnostic
roles in IC. Hydrodistention may offer relief of symptoms in 30–50% of
patients. The symptoms my worsen 2–3 weeks after the procedure and
improve after that period. Patients with small bladder capacity under anes-
thesia tend to have a better response to hydrodistention than those with
large capacity. The mean duration of improvement is about 3 months, while
repeating hydrodistension, the improvement may progressively decrease.28

Neuromodulation

Neuromodulation is a unilateral sacral nerve (S3) stimulation (InterStim
device, Medtronic, Inc., Minneapolis, MN). Neuromodulation has been
approved by the FDA (Food and Drug Administration) for treatment of
urge incontinence, urinary retention, idiopathic urgency-frequency
syndrome, and recently for IC.29

Laser resection of ulcers

Laser procedures are reserved for those patients suffering from gross
inflammatory lesions of the bladder wall (Hunner’s patches). In this proce-
dure, the Nd:YAG neodymium: yttrium–aluminium–garnet laser has been
used for ablation of Hunner’s patch ablation. 

Cystectomy and urinary diversion

Cystectomy with urinary diversion is the last resort procedure, reserved for
patients who have failed all other modalities of treatment and for those
with small anesthetic bladder capacity. Pain may be persistent in some
patients after this aggressive therapeutic approach, and before surgery is
considered, patients are evaluated by the pain clinic to localize the pain. If
there is evidence of central up-regulation of pain, surgery will not
performed, since it will not relieve the pain.
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