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Foreword

Pelvic floor disorders represent an increasingly important clinical problem due to the
aging of the population.

Recent technical progress in cross-sectional imaging with ultrasound as well as with
MRI now enables us to obtain totally new insights into the anatomy and pathophysiol-
ogy of the complex pelvic floor structures.

This second edition has been fully updated to represent the current state of the art
and provide an excellent and comprehensive overview of the techniques to be applied
in a focused study of the pelvic floor. It also offers expert guidance in modern manage-
ment of the various clinical conditions related to the dysfunction of specific compo-
nents of the pelvic floor.

J. Stoker and S. A. Taylor have joined J. O. L. DeLancey as editors for this second
edition. They are internationally recognized leaders in the field and I am very much
indebted to them for their judicious choice of topics and collaborating authors, as well
as for the expedient and rapid preparation of this superb volume.

Iam convinced that this second edition will again be met with great interest by radi-
ologists and all other clinicians involved in the care of patients with pelvic disorders.

Leuven ALBERT L. BAERT




Preface

Disorders of the pelvic floor are very common, particularly affecting the female popu-
lation. Although notlife-threatening, the impact of these disorders on the quality of life
of those affected cannot be understated, and indeed may be devastating. Imaging plays
an important role in the management of these disorders, its utility further increased
with the new and valuable insights provided by current techniques.

The aim of this book is to provide those practitioners with an interest in the imag-
ing, diagnosis and treatment of pelvic floor dysfunction with a thorough update of this
rapidly evolving field. As in the first edition, this volume is written by a combination
of radiologists and clinicians (urogynaecologists, surgeons, urologists), reflecting the
importance of a multidisciplinary approach when considering pelvic floor disorders in
both clinical practice and research.

Based on the success of the first edition, edited by our friend and colleague Clive
Bartram, the overall structure of this new edition remained largely unchanged. Intro-
ductory chapters on anatomy and (patho)physiology are followed by chapters on state-
of-the-art imaging techniques and their application in pelvic floor dysfunction. The
closing chapters describe modern clinical management of pelvic floor disorders with
specific emphasis on the integration of diagnostic and treatment algorithms. All exist-
ing chapters have been rewritten or updated to reflect the rapid developments in this
field, and chapters on several new topics have been added, including perineal ultra-
sound and MRI of the levator muscles.

We thank the contributing authors for their valuable contribution to this book. We
are very fortunate to have so many distinguished experts in the field contributing to
this volume. Professor Baert has our thanks for his invitation to contribute a second
edition of Imaging Pelvic Floor Disorders to the renowned Medical Radiology series.
We also thank Ursula Davis and her colleagues at Springer for the very effective pro-

duction process and polite, timely communication.

Amsterdam JAAP STOKER
London STUART A.TAYLOR
Ann Arbor JouN O.L.DELANCEY
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The Anatomy of the Pelvic Floor and Sphincters

JaAP STOKER and CHRISTIAN WALLNER

CONTENTS 1.3.6  Perineum and Ischioanal Fossa 19
— 1.3.6.1 Perineal Body 19
. 1.3.6.2 Ischioanal Fossae 19
L1 Introduction 1 1.3.6.3 Perianal Connective Tissue 20
1.2 Embryology 2 1.3.7 Rectum 20
1.2.1  Cloaca and Partition of the Cloaca 2 1.3.7.1 Rectal Wall 21
1.2.2 Bladder 3 1.3.7.2 Rectal Support 2I
1.2.3  Urethra 3 1.3.7.3 Neurovascular Supply of the Rectum 21
1.2.4 Vagina 3 1.3.8  Anal Sphincter 21
1.2.5 Anorectum 4 1.3.8.1 Lining of the Anal Canal 22
1.2.6  Pelvic Floor Muscles 4 1.3.8.2 Internal Anal Sphincter 23
1.2.7  Fascia and Ligaments 4 1.3.8.3 Intersphincteric Space 23
1.2.8  Perineum 4 1.3.8.4 Longitudinal Layer 23
1.2.9 Newborn 4 1.3.8.5 External Anal Sphincter 23
1.3.8.6 Pubovisceral (Puborectal) Muscle 25

1.3 Ana?omy ° 1.3.8.7 Anal Sphincter Support 25
1.3.1 Pelv1§ Wall 5 1.3.8.8 Anal Sphincter Anatomy Variance and
1.3.1.1 Tend.lneus Arcs 7 Ageing 25
1.3.2  Pelvic Flioor 8 . . 1.3.8.9 Neurovascular Supply of the
1.3.2.1 Supportlve. Connfzctlve Tissue Anal Sphincter 26

(End.ope.1v1c Fascia) 8 1.3.9  Nerve Supply of the Pelvic Floor 27
1.3.2.2 Pelch Diaphragm 8 1.3.9.1 Somatic Nerve Supply 27
1.3.2.3 Perlneal.Mem.brane 1.3.9.2 Autonomic Nerve Supply 27

(Urogenital Diaphragm) 9
1.3.2.4 Superficial Layer References 27

(External Genital Muscles) 10
1.3.3 Bladder 12
1.3.3.1 Detrusor 13
1.3.3.2 Adventitia 13
1.3.3.3 Bladder Support 13
1.3.3.4 Neurovascular Supply 13 u
1.3.4  Urethra and Urethral Support 14
1.3.4.1 Female Urethra 14 Introduction
1.3.4.2 Male Urethra 15
1.3.4.3 Urethral Support 16 . . .
135  Uterus and Vagina 18 The .pely1c ﬂ(.)or 'su‘pports t'he v1scera} organs, is
1.3.5.1 Uterus and Vaginal Support 18 crucial in maintaining continence, facilitates mic-

J. STOKER, MD, PhD

Professor of Radiology, Department of Radiology, Academic
Medical Center, University of Amsterdam, Meibergdreef 9,
1105 AZ Amsterdam, The Netherlands

C. WALLNER, MSc

Department of Anatomy and Embryology, Academic Medical
Center, University of Amsterdam, Meibergdreef 69-71, 1105
BK Amsterdam, The Netherlands

turition and evacuation and in women forms part
of the birth canal. This multifunctional unit is a
complex of muscles, fasciae and ligaments that
have numerous interconnections and connections
to bony structures, organs and the fibroelastic net-
work within fat-containing spaces. A detailed appre-
ciation of the pelvic floor is essential to understand
normal and abnormal function. The embryology of
the pelvic floor is included to help explain certain
anatomical features.
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The anatomy of the pelvic floor is described in
an integrated manner, with special attention to the
connections between structures that are crucial for
a proper function of the pelvic floor. Apart from line
drawings, T2-weighted magnetic resonance imag-
ing (MRI) is used to illustrate normal anatomical
structures.

The structure of the pelvic floor and its attach-
ments to pelvic bones are an evolutionary adapta-
tion to our upright position, which requires greater
support for the abdominal and pelvic organs overly-
ing the large pelvic canal opening. The initial evolu-
tionary step was the development of a pelvic girdle,
as found in amphibians, which were the first ver-
tebrates adapted to living on land. The second was
adaptation of the pelvic floor muscles. Pelvic organ
support in early primates was controlled by contrac-
tion of the caudal muscles pulling the root of the tail
forward against the perineum. With the gradual
introduction of upright posture and loss of the tail,
this mechanism became inadequate, and further
adaptive changes occurred with the caudal muscles
becoming more anterior, extra ligamentous support
(coccygeus and sacrospinous ligament), and the ori-
gin of the iliococcygeus muscle moving inferiorly to
arise from the arcus tendineus levator ani with some
associated changes in the bony pelvis (LANSMAN
and ROBERTSON 1992). Partial loss of contact of the
pubococcygeus with the coccyx led to the develop-
ment of the pubovisceralis (puborectalis).

Embryology

The embryology of the pelvic floor and related struc-
tures remains unclear, and new concepts are contin-
ually being introduced, e.g. the fusion of the urogen-
ital septum and cloacal membrane (NIEVELSTEIN et
al. 1998). This brief overview may be supplemented
by more detailed texts (AREY 1966; HAMILTON and
MoOSSMAN 1972; MOORE and PERSAUD 1998).

1.2.1
Cloaca and Partition of the Cloaca

The earliest stage in the development of the pelvic
floor, comprising the urogenital, anorectum and
perineal regions, is the invagination of the yolk

sac 4 weeks after fertilization to form the foregut,
midgut and hindgut. A diverticulum, the allantois,
develops from the hindgut. The part of the hind-
gut connected to the allantois is called the cloaca
(Figs. 1.1, 1.2). The cloaca is joined laterally by the
nephric (later mesonephric) ducts. At the angle of
the allantois and hindgut there is a coronal rim of
endoderm and mesenchyme proliferation - the uro-
genital septum (or cloacal septum), which develops
from the sixth week (Fig. 1.1). The septum grows in
the direction of the cloacal membrane while fork-
like extensions produce lateral cloacal infolding. At
the margins of the cloacal membrane, mesenchyme
migrates from the primitive streak to form lateral
(genito- or labioscrotal) folds and a midline genital
tubercle (precursor of the phallus) (HamMILTON and
MossMAN 1972). By the seventh week, the urogenital
septum divides the endodermal lined cloaca in a
larger anterior urogenital sinus (including the vesi-
courethral canal) continuous with the allantois, and
a smaller posterior anorectal canal (BANNISTER et
al. 1995). The nodal centre of division of the cloacal
plate is the future perineal body. A recent experi-
mental study demonstrated that the cloacal sphinc-
ter muscles develop from migrating cells from the
embryonic hind limb muscle mass (VALASEK et al.
2005).

Umbilical artery  Urorectal septum Notochord

Hindgut Spinal chord

Allantoic duct
Umbilical vein
Ectodermal cloaca

Cloacal

Fig. 1.1. The tail end of a human embryo, about 4 weeks old.
Reprinted from BANNISTER et al. (1995, p. 206), by permis-
sion of Churchill Livingstone
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Fig. 1.2. The caudal end of a hu-
man embryo, about 5 weeks old.
Reprinted from BANNISTER et al.
(1995, p. 207), by permission of
Churchill Livingstone

Umbilical cord

Umbilical vessels

Cloacal membrane

1.2.2
Bladder

The cylindrical vesicourethral canal is a part of the
primitive urogenital sinus superior to the opening
of the mesonephric ducts. The canal has a dilated
upper portion and a relatively narrow lower part,
representing the primitive bladder and urethra. The
upper part of the bladder is continuous with the al-
lantois, which regresses early on into the urachus,
a fibrous cord attached to the apex of the bladder
and the umbilicus. The mucosa of the bladder pri-
marily develops from the endodermal lining of the
vesicourethral canal, the bladder musculature from
the surrounding splanchnic mesenchyme, and the
ureteric orifices from dorsal outgrowths of the me-
sonephric ducts. During the developmental process
the mesonephric ducts are absorbed into the blad-
der wall and contribute to the trigone (BANNISTER
et al. 1995).

1.2.3
Urethra

In women the urethra is derived mostly from its
primitive counterpart, whereas in men this develops
into the superior part of the prostatic urethra ex-
tending from the internal urethral orifice to the en-
trance of the common ejaculatory ducts. In men the
mesonephric ducts also contribute to the proximal
urethra. The connective tissue and smooth muscle
develop from the adjacent splanchnic mesenchyme.
Striated muscle fibres form around the smooth

Mesonephric duct Metanephric diverticulum Spinal chord

Allantoic duct Notochord

Endodermal cloaca
Postanal gut

muscle, initially anterior, and later encircling the
smooth muscle. The epithelium of the remainder of
the prostatic and the membranous urethra in males
is derived from the endoderm of the urogenital sinus.
Fusion of the urogenital swellings with primary lu-
minization gives rise to the penile urethra, whereas
the glandular part of the urethra is formed through
secondary luminization of the epithelial cord that
is formed during fusion of the arms of the genital
tubercle, i.e. the glans. In both fusion processes,
apoptosis plays a key role (vAN DER WERFF et al.
2000). The consequence of fusion of the urogenital
swellings is that their mesodermal cores unite on
the ventral aspect of the penile urethra, where they
differentiate into the integumental structures.

1.2.4
Vagina

The paramesonephric ducts play a major role in the
development of the uterus and vagina. The uterus
is formed from the cranial part of the parameso-
nephric ducts, while the caudal vertical parts of the
paramesonephricductsfuse to form the uterovaginal
primordium (BANNISTER et al. 1995). From this pri-
mordium part of the uterus and the vagina develop.
The primordium extends to the urogenital sinus and
at the dorsal wall of the urogenital sinus an epithe-
lium proliferation develops (sinovaginal bulb), the
site of the future hymen. Progressive proliferation
superiorly from the sinovaginal bulb results in a
solid plate in the uterovaginal primordium, which
develops into a solid cylindrical structure. It is not
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clear whether this epithelium is derived from the
urovaginal sinus or paramesonephric ducts. Sub-
sequent desquamation of central cells establishes
the central vaginal lumen. The tubular mesodermal
condensation of the uterovaginal primordium will
develop into the fibromuscular wall of the vagina.
The urogenital sinus demonstrates relative shorten-
ing forming the vestibule.

1.2.5
Anorectum

The rectum develops from the posterior part of the
cloaca, with regression of the tail gut (MoOoORE and
PERSAUD 1998). The upper two-thirds of the anal
canal is endodermal from the hindgut; the lower
one-third is epithelial from the proctoderm. The
proctoderm is formed by mesenchymal elevations
around the anal membrane, which originate from
the primitive streak and migrate between the ecto-
derm and endoderm. The dentate line represents the
junction of these epithelial and endodermal tissues
and is the site of the anal membrane. Inferior to the
dentate line is the anocutaneous line where there is
a transition from columnar to stratified keratinized
epithelium. At the outer verge, the anal epithelium
is continuous with the skin around the anus. The
arterial, venous, lymphatic and nerve supply of the
superior two-thirds of the anus is of hindgut ori-
gin, compared to the inferior one-third, which is of
proctodermal origin.

1.2.6
Pelvic Floor Muscles

The pelvic floor comprises several muscle groups
of different embryological origin, some develop-
ing from the cloacal sphincter and others from the
sacral myotomes (HAMILTON and MOSSMAN 1972).
The urogenital septum divides the cloacal sphinc-
ter into anterior and posterior parts. The external
anal sphincter develops from the posterior part, and
the superficial transverse perineal muscle, bulbos-
pongiosus and ischiocavernosus from the anterior
part (MoorRE and PErRsAUD 1998; HamiLTON and
MossMAN 1972), thus explaining their common in-
nervation by the pudendal nerve. The levator ani
muscle and coccygeus muscle develop from the first
to the third sacral segments (myotomes) (HAMILTON
and MoSSMAN 1972).

1.2.7
Fascia and Ligaments

The fascia and ligaments of the pelvic floor arise
from the mesenchyme between and surrounding the
various organ rudiments (HAMILTON and MOsSSMAN
1972; AREY 1966). The mesenchyme may develop into
either nondistensible or distensible fascia (e.g. the
visceral peritoneal fascia of the pelvic viscera) (LAST
1978). Fascial tissues arise from condensations of
areolar tissue surrounding the branches of the iliac
vessels and hypogastric plexuses to the viscera (LAST
1978). Genital ligaments (e.g. in females broad liga-
ment) develop from loose areolar tissue precursors
originating from the mesenchymal urogenital ridge
(AREY 1966). The vagina and uterus develop from
paired paramesonephric ducts. These ducts, with
their mesenterium attached to the lateral wall, mi-
grate and fuse medially, carrying the vessels that sup-
ply the ovary, uterus and vagina. Tissue around these
vessels condenses into the cardinal and sacrouterine
ligaments that attach the cervix and upper vagina to
the lateral pelvic walls. Fusion of the embryological
cul-de-sac creates the single layered Denonvilliers’
fascia in men (VAN OPHOVEN and RoTH 1997).

1.2.8
Perineum

As the cloacal membrane disappears, a sagittal ori-
entated external fissure between the labioscrotal
folds develops, except where the urogenital septum
is fused. This fold, covered by encroaching ecto-
derm and marked by a median raphe, is the primary
perineum (AREY 1966). Later in development of male
embryos, the perineal raphe becomes continuous
with the scrotal raphe, the line of fusion of the labio-
scrotal swellings. The perineal body, the tendineus
centre of the perineum, is formed at the junction of
the urogenital septum and the cloacal membrane.

1.2.9
Newborn

The pelvic anatomy is almost complete at birth, al-
though some changes occur from birth to adult-
hood. These relate to organ maturation as well as
responses to other effects, such as respiration and
an increased intraabdominal pressure. Notable are
the pelvis changing from its funnel shape in new-
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borns, and the straight sacrum becoming curved
(LANSMAN and ROBERTSON 1992), and nerve end-
ings at the dentate line as part of the continence
mechanism developing after birth (L1 et al. 1992).

Anatomy

The pelvic floor is attached both directly and indi-
rectly to the pelvis. Its layers, from superior to infe-
rior, are the endopelvic fascia, the muscular pelvic
diaphragm, the perineal membrane (urogenital dia-
phragm), and a superficial layer comprising the su-
perficial transverse perineal, bulbospongiosus (bul-
bocavernous) muscle and ischiocavernous muscles.
The pelvic floor is traversed by the urethra and anal
sphincters, and in women the vagina. As the major-
ity of patients with pelvic floor disorders are women,
emphasis will be on the female anatomy.

Most of the MRI figures in this chapter were ob-
tained at a field strength of 1.5 T with phased array
coils, and a few with an endoluminal coil (used ei-
ther endovaginally or endoanally), as indicated in
the legend. All are T2-weighted images (turbo spin-
echo sequences), where the bony pelvis exhibits a
relatively hyperintense marrow with hypointense
cortex. Fascia, tendons and striated muscles have
a relatively hypointense signal intensity. Smooth
muscles (e.g. internal anal sphincter) are relatively
hyperintense. Fat and most vessels are relatively hy-
perintense.

1.3.1
Pelvic Wall

The bony pelvic wall is the site of attachment of
pelvic floor structures. Pelvic floor structures attach
directly to bone at the pubic bones, ischial spines,
sacrum and coccyx, and indirectly by fascia. The
muscles attached directly to the bony pelvic wall are
the primary components of the pelvic diaphragm:
the anterior part of the levator ani (the anterior part
of the pubococcygeus muscle, including the pubo-
visceralis) and the coccygeus muscle. The perios-
teum of the posterior surface of the pubic bone at
the lower border of the pubic symphysis is the site
of origin of the pubococcygeus and pubovisceralis
muscles (Figs. 1.3, 1.4). The tip of the ischial spine

is the origin of the coccygeus muscle (Figs. 1.3, 1.4),
which inserts into the lateral aspect of the coccyx
and the lowest part of the sacrum. The sacrospinous
ligament is a triangular-shaped ligament at the pos-
terior margin of the coccygeus muscle, separating
the sciatic notch in the greater sciatic foramen, con-
taining the piriformis muscle and pudendal nerve,
and, together with the sacrotuberous ligament, the
lesser sciatic foramen, which transmits amongst
others the internal obturator tendon muscle and the
pudendal nerve (Fig. 1.3).

The internal obturator muscle forms the major
constituent of the pelvic sidewall (Fig. 1.5). It origi-
nates from the obturator membrane (covering the
obturator foramen), the margins of the obturator
foramen and the pelvic surfaces of the ilium and
ischium (ToBras and ArNoLD 1981). The obtura-
tor tendon inserts into the greater trochanter of the
femur. A tendineus ridge of the obturator fascia,
the arcus tendineus levator ani, forms the pelvic
sidewall attachment for the levator ani (Figs. 1.6,
1.7, 1.8). The piriformis is a flat triangular-shaped
muscle arising from the second to fourth sacral seg-
ments inserting into the greater trochanter of the
femur. It lies directly above the pelvic floor and is
the largest structure in the greater sciatic foramen

Fig. 1.3. Diagram of the levator ani showing the puboviscera-
lis (PV), iliococcygeus (IC), coccygeus (C), and the arcus ten-
dineus (AT) arising from the obturator internus (OI) fascia
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Fig. 1.4. Axial oblique T2-weighted turbo spin-echo. Note
the attachment of the pubovesicalis (black arrows) to the le-
vator ani (open arrows) (U=urethra, V=vagina, R=rectum,
S=ischial spine, C=coccygeus). Note the attachment of pu-
bococcygeus to pubic bone (white arrow)

Fig. 1.6. The space of Retzius drawn from a cadaveric dissec-
tion. The pubovesical muscle (PVM) is shown passing from
the vesical neck (VN) to the arcus tendineus fasciae pel-
vis (ATFP), running over the paraurethral vascular plexus
(PVP) (ATLA arcus tendineus levator ani, B bladder, IS is-
chial spine, LA levator ani, OIM&F obturator internus mus-
cle and fascia, PS pubic symphysis, U urethra). Reprinted
from CarDOZO (1997, p. 36), by permission of the publisher
Churchill Livingstone

Fig. 1.5. Coronal oblique T2-weighted turbo spin-echo par-
allel to the axis of the anal canal in a woman (I=internal
anal sphincter, E=external anal sphincter, P=puborectalis,
V=vagina). The iliococcygeus (open arrows) inserts into the
arcus tendineus levator ani (ATLA, curved arrows) formed
from fascia over the internal obturator muscle (10)

Fig. 1.7. Coronal oblique T2-weighted turbo spin-echo pos-
terior to the anal canal of a woman. The iliococcygeus part
of the levator ani muscle (black arrow) has its origin at the
arcus tendineus levator ani. The lateral part of the iliococ-
cygeus is relatively thin and membranous (curved arrow)
(R=rectum, V=vagina, U=uterus, G=gluteus maximus)
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Fig. 1.8. Axial oblique T2-weighted turbo spin-echo in
a woman (black arrows pubovesical muscle, U=urethra,
V=vagina, R=rectum, S=pubic symphysis, IO=internal
obturator muscle, C=coccyx, open arrows transition be-
tween the pubococcygeus (anterior) and iliococcygeus (pos-
terior), at the borders of the urogenital hiatus). Note fibres
of the iliococcygeus extending towards the pelvic sidewall
(small solid arrow)

(Fig. 1.3). The sacral plexus is formed on the pelvic
surface of the piriformis fascia. The fascia of the pel-
vic wall is a strong membrane covering the surface
of the internal obturator and piriform muscles with
firm attachments to the periosteum (LAsT 1978).

1.3.1.1
Tendineus Arcs

The arcus tendineus levator ani and the arcus ten-
dineus fascia pelvis are oblique sagittal-orientated
linear dense, pure connective tissue structures at
the pelvic sidewall. These structures have well-orga-
nized fibrous collagen and are histologically akin to
the tendons and ligaments of the peripheral muscu-
loskeletal system. The arcus tendineus levator ani is
a condensation of the obturator fascia, extending to
the pubic ramus anteriorly and to the ischial spine
posteriorly. Most of the levator ani muscle arises
from it (Figs. 1.5, 1.6, 1.9).

The posterior half of the arcus tendineus fascia
pelvis joins with the arcus tendineus levator ani,
whereas the anterior half has a more inferior and

Fig. 1.9. Endovaginal coronal oblique T2-weighted turbo
spin-echo parallel to the vaginal axis (V=vaginal wall,
B=bulbospongiose muscle, long arrow perineal membrane,
P=pubovisceralis). The levator ani (iliococcygeus) (open
arrow) has its origin from the arcus tendineus levator ani
(curved arrow) formed from the fascia of the internal obtu-
rator muscle (I0). Note the attachment of the lateral vaginal
wall to the pubovisceralis. Reprinted with permission from
TAN et al. (1998)

Fig. 1.10. Endovaginal axial oblique T2-weighted turbo
spin-echo in a woman (S=pubic symphysis, small arrows
arcus tendineus fascia pelvis, U=urethra, V=vaginal wall,
A=anus, P=puborectalis). Reprinted with permission from
TAN et al. (1998)
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medial course than the arcus tendineus levator ani
(Fig. 1.6) attaching to the pubis close to the pubic
symphysis (DELANCEY and STARR 1990) (Fig. 1.10).

These tendineus arcs are reinforced by a four
stellate-shaped tendineus structure originating
from the ischial spine (MAUROY et al. 2000), includ-
ing the tendineus arcs, sacrospinous and ischial
arch ligaments. The latter is the transition between
the fascia of the piriform muscle and the pelvic dia-
phragm. These tendineus arcs form the attachment
for several structures: the levator ani muscle, en-
dopelvic fascia (anterior vaginal wall), pubovesical
muscle, and other supportive structures.

1.3.2
Pelvic Floor

The pelvic floor comprises four principallayers: from
superior to inferior, the supportive connective tissue
of the endopelvic fascia and related structures, the
pelvic diaphragm [levator ani (iliococcygeus, pu-
bococcygeus) and coccygeus muscles], the perineal
membrane (urogenital diaphragm) and the super-
ficial layer (superficial transverse perineal muscle,
bulbospongiosus and ischiocavernous muscles). The
pelvic floor gives active support by the muscular
contraction and passive elastic support by fascia and
ligaments.

1.3.2.1
Supportive Connective Tissue (Endopelvic Fascia)

The connective tissue of the pelvis and pelvic floor
is a complex system important for the passive sup-
port of visceral organs and pelvic floor. The connec-
tive tissue comprises collagen, fibroblasts, elastin,
smooth muscle cells and neurovascular and fibro-
vascular bundles (NORTON 1993; STROHBEHN 1998).
The connective tissue is present in several anatomi-
cal forms (e.g. fascia, ligaments) and levels, consti-
tuting a complex meshwork (DE CaRro et al. 1998).

1.3.2.1.1
Endopelvic Fascia

The endopelvic fascia is a continuous adventitial
layer covering the pelvic diaphragm and viscera.
This expansile membrane is covered by parietal
peritoneum. The structure of the endopelvic fascia
varies considerably in different areas of the pelvis.
For example, primarily perivascular connective tis-

sue is present at the cardinal ligaments with more
fibrous tissue and fewer blood vessels at the rectal
pillars. The endopelvic fascia envelops the pelvic
organs, including the parametrium and paracol-
pium, giving support to the uterus and upper va-
gina. Ligamentous condensations within this fascia
are primarily aggregations of connective tissue sur-
rounding neurovascular bundles.

1.3.2.2
Pelvic Diaphragm

The levator ani muscle and coccygeus are the mus-
cles of the pelvic diaphragm. The pelvic diaphragm
acts as a shelf supporting the pelvic organs (Fig. 1.8).
It has been described as a basin based on observa-
tions at dissection when the muscles are flaccid or
surgery without normal tone. However, the constant
muscle tone of the levator ani and coccygeus muscles
by type I striated muscle fibres combined with fas-
cial stability results in a dome-shaped form of the
pelvic floor in the coronal plane, and also closes
the urogenital hiatus. This active muscular support
prevents the ligaments becoming over-stretched and
damaged by constant tension (DELANCEY 1994a).

1.3.2.2.1
Coccygeus Muscle

The coccygeus arises from the tip of the ischial
spine, along the posterior margin of the internal
obturator muscle (Figs. 1.3, 1.4). This shelf-like mus-
culotendinous structure forms the posterior part of
the pelvic diaphragm. The fibres fan out and insert
into the lateral side of the coccyx and the lowest part
of the sacrum. The sacrospinous ligament is at the
posterior edge of the coccygeus muscle and is fused
with this muscle. The proportions of the muscular
and ligamentous parts may vary. The coccygeus is
not part of the levator ani, having a different func-
tion and origin, being the homologue of a tail muscle
(m. agitator caudae). The coccygeus muscle is inner-
vated by the third and fourth sacral spinal nerves on
its superior surface.

1.3.2.2.2
Levator Ani Muscle

The iliococcygeus, pubococcygeus and pubovisce-
ralis form the levator ani muscle and may be dif-
ferentiated by their lines of origin and direction
(Fig. 1.8). The iliococcygeus muscle and pubococ-
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cygeus muscle arise from the ischial spine, the ten-
dineus arc of the levator ani muscle and the pubic
bone.

The iliococcygeus arises from the posterior half
of the tendineus arc (Fig. 1.7) inserting into the last
two segments of the coccyx and the midline anococ-
cygeal raphe. An accessory slip may extend to the sa-
crum (iliosacralis). The anococcygeal raphe extends
from the coccyx to the anorectal junction and repre-
sents the interdigitation of iliococcygeal fibres from
both sides (LasT 1978). The iliococcygeus forms a
sheet like layer and is often largely aponeurotic.

The pubococcygeus arises from the anterior half
of the tendineus arc and the periosteum of the poste-
rior surface of the pubic bone at the lower border of
the pubic symphysis, its fibres directed posteriorly
inserting into the anococcygeal raphe and coccyx.

The pubovisceralis forms a sling around the uro-
genital hiatus. The puborectalis is the main part of
this “U”-shaped sling and goes around the anorec-
tum where it is attached posteriorly to the anococ-
cygeal ligament. Other slings have been identified:
the puboanalis is a medially placed slip from this
that runs into the anal sphincter providing stri-
ated muscle slips to the longitudinal muscle layer.
The puboprostaticus in men (or puboperineus) and
pubovaginal muscle in women. The former forms a
sling around the prostate to the perineal body and
the latter passes along the vagina to the perineal
body with attachments to the lateral vaginal walls
(SAMPSELLE and DELANCEY 1998; DELANCEY and
RicHARDsON 1992) (Figs. 1.9, 1.11). Both interdigi-
tate widely. Contraction of the pubovisceralis lifts
and compresses the urogenital hiatus.

During vaginal delivery the levator ani muscle is
under great mechanical stress. A computer model
study of levator ani stretch during vaginal delivery
estimated that the different portions of the levator
ani muscle stretch up to 326% (LIEN et al. 2004). Re-
cent imaging studies have demonstrated that levator
ani muscle injury can occur during vaginal deliv-
ery (TUNN et al. 1999, HoYTE et al. 2001, DIETZ and
LANZARONE 2005, KEARNEY et al. 2006). Defects of-
ten occur near the origin of the muscle at the pubic
bone. In the case of de novo stress urinary incon-
tinence, use of forceps, anal sphincter laceration,
and episiotomy increased the odds ratio for levator
muscle injury by 14.7-, 8.1- and 3.1-fold, respectively
(KEARNEY et al. 2006).

The levator ani muscle is innervated from its su-
perior side by the levator ani nerve. This nerve origi-
nates from sacral segments S3 and/or S4 (WALLNER

WA 0L

Fig. 1.11. Axial oblique T2-weighted turbo spin-echo in a
woman (U=external urethral meatus, V=vagina, A=anus,
P=pubovisceralis, white arrows ischiocavernous muscle,
IO =internal obturator muscle, C=clitoris). Note the attach-
ment of the vagina lateral walls to the pubovisceralis (open
arrow)

et al. 2006a, WALLNER et al. 2006b). The pudendal
nerve has a minor contribution. It only innervates
the the levator ani muscle (from its inferior sur-
face) in approximately 50% of the investigated cases
(WALLNER et al. in print).

1.3.2.3
Perineal Membrane (Urogenital Diaphragm)

The perineal membrane, also named the urogenital
diaphragm, is a fibromuscular layer directly below
the pelvic diaphragm. The diaphragm is triangular
in shape and spans the anterior pelvic outlet, and is
attached to the pubic bones (Fig. 1.12). The urogeni-
tal diaphragm is crossed by the urethra and vagina.
In men it is a continuous sheet, whereas in women it
is attached medially to lateral vaginal walls.
Classically it is described as a trilaminar struc-
ture with the deep transverse perineal muscles
sandwiched between the superior and inferior fas-
cia. However, the superior fascia is now discounted,
and even the existence of the deep transverse perinei
has been questioned in cadaveric and MRI studies
(OELRICH 1983; DORSCHNER et al. 1999). It is likely
that these are really muscle fibres from the compres-




10

J. Stoker and C. Wallner

Fig. 1.12. Diagram of the perineal muscles in a female with
the superficial transverse perinei (STP) fusing with the ex-
ternal anal sphincter (EAS) and the bulbospongiosus (BS) in
the perineal body. The ischiocavernosus (IC) lies on the side
wall of the perineal membrane

sor urethrae and urethrovaginalis part of the exter-
nal urethral sphincter muscle (Figs. 1.13, 1.14) (see
Sect. 1.3.4.3 Urethral Support), which lie above the
perineal membrane, or transverse fibres inserting
into the vagina (OELRICH 1983) that can be identi-
fied at this level on MRI (TAN et al. 1998) (Fig. 1.9).

1.3.2.4
Superficial Layer (External Genital Muscles)

At the most superficial of the four layers of the
pelvic floor lie the external genital muscles, de-
rived from the cloacal sphincter, comprising the
superficial transverse perinei, the bulbospongiosus
and the ischiocavernosus (Fig. 1.12). The former
is supportive; the other two play a role in sexual
function.

In females, the bulbospongiosus courses from
the clitoris along the vestibulum to the perineal
body (Figs. 1.4-1.12, 1.15-1.17). The ischiocaverno-
sus originates from the clitoris, covers the crus of
the clitoris that has a posterolateral course and ter-
minates at the ischiopubic ramus (Figs. 1.15, 1.18).
Both muscles compress the venous return of the
clitoris (and crus of the clitoris), leading to erection
of the clitoris. In males both muscles have a similar
erectile function. The male bulbospongiosus (bul-

Urinary trigone  Trigonal ring

Pubic
symphysis

Sphincter
urethrae

Urethrovaginal sphincter

Compressor urethrae
© 1989, University of Michigan

Fig. 1.13. The internal and external urethral sphincteric
mechanisms and their locations. The sphincter urethrae,
urethrovaginal sphincter and compressor urethrae are all
parts of the striated urogenital sphincter muscle. Reprinted
from CarDOZO (1997, p. 34), by permission of the publisher
Churchill Livingstone

Urinary bladder

Vaginal wall

Sphincter urethrae —_uﬁ_

Compressor urethrae

Urethra

Vagina

Fig. 1.14. Urethrovaginal sphincter, compressor urethrae
and urethral sphincter (sphincter urethrae). Reprinted from
BANNISTER et al. (1995, p. 834), by permission of Churchill
Livingstone
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Fig. 1.15. Endovaginal axial oblique T2-weighted turbo spin-
echo (black arrows bulbospongiosus, open arrows transverse
perinei, P=perineal body, E = external anal sphincter, white
arrow insertion of the ischiocavernous). Reprinted with per-
mission from TAN et al. (1998)

ERIE

Fig. 1.16. Axial oblique T2-weighted turbo spin-echo in
a woman (E=external anal sphincter, P=perineal body,
V=vagina, black arrows bulbospongiosus, open arrows
transverse perinei)

bocavernous) covers the bulb of the penis and is
attached to the perineal body. The male ischiocav-
ernosus covers the crus of the penis and, as in the
female, terminates at the ischiopubic ramus. The
bulbospongiosus and ischiocavernosus muscles
are innervated by the perineal branch of the pu-
dendal nerve (SCHRAFFORDT et al. 2004).

Fig. 1.17. Axial oblique T2-weighted turbo spin-echo in a
woman (I=internal anal sphincter, M =mucosa/submucosa,
P=pubovisceralis, V=vagina, black arrows bulbospongio-
sus, white arrows ischiocavernous)

Fig. 1.18. Axial oblique T2-weighted turbo spin-echo in
a woman (E=external anal sphincter, I=internal anal
sphincter, IA=ischioanal space, arrow ischiocavernosus
insertion)

1.3.2.4.1
Transverse Perineal Muscles

The superficial transverse perinei span the poste-
rior edge of the urogenital diaphragm (Figs. 1.12,
1.15,1.16, 1.19, 1.20), inserting into the perineal body
and external sphincter. In men this is into the cen-
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Fig. 1.19. Endoanal axial oblique T2-weighted turbo spin-
echo orthogonal to the axis of the anal canal in a male
volunteer (inferior to Fig. 1.30). The mucosa/submucosa is
relatively hyperintense (open arrow) with hypointense mus-
cularis submucosae ani. The internal anal sphincter (I) is
relatively hyperintense and forms a ring of uniform thick-
ness. The external sphincter (E) ring is relatively hypoin-
tense. In between the internal and external anal sphincter is
the fat-containing hyperintense intersphincteric space with
the relatively hypointense longitudinal layer (white arrow).
The external sphincter (E), transverse perinei (T) and the
bulbospongiosus (B) attach to the perineal body (P). Spon-
giose body of the penis (S). The external anal sphincter has a
posterior attachment to the anococcygeal ligament (A)

Fig. 1.21. Endovaginal sagittal oblique T2-weighted turbo
spin-echo (white arrow pubovesicalis, R outer striated ure-
thral muscle (rhabdosphincter), S=inner smooth urethral
sphincter, M=urethral mucosa/submucosa, A=anus). The
transverse perinei (T) and external anal sphincter (E) are
part of the midline perineal body. Reprinted with permis-
sion from TAN et al. (1998)

Fig. 1.20. Endovaginal axial oblique T2-weighted turbo
spin-echo through the vaginal introitus. The transverse
perinei (open arrows) course posterior to the vagina and
anterior to the external anal sphincter (E)

tral point of the perineum, with a plane of cleavage
between this and the external sphincter. There is
no such plane in women as the fibres decussate di-
rectly with the external anal sphincter (Fig. 1.21).
The muscles are innervated by the perineal branch
of the pudendal nerve (SCHRAFFORDT et al. 2004).

1.3.3
Bladder

The bladder is the reservoir for urine and crucial for
proper lower urinary tract function. It lies posterior
to the pubic bones and is separated from the pubic
bones by the retropubic space (space of Retzius),
containing areolar tissue, veins and supportive liga-
ments. The wall has three layers: an inner mucous
membrane, asmooth musclelayer-the detrusor-and
an outer adventitial layer in part covered by perito-
neum. The lax, distensible mucosal membrane of
the bladder comprises transitional epithelium sup-
ported by a layer of loose fibroelastic connective tis-
sue, the lamina propria. No real muscularis mucosae
is present. At the trigone of the bladder the mucosa
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is adherent to the underlying muscle layer. Laterally
at the trigone the ureteric orifices are present, with
the ureteric folds. The internal urethral orifice is at
the apex of the trigone, posteriorly bordered by the
uvula in men (elevation caused by the median pros-
tate lobe). During distension the trigone remains
relatively fixed as the dome of the bladder rises into
the abdomen.

1.3.3.1
Detrusor

The detrusor is the muscular wall of the bladder.
The smooth muscle bundles are arranged in whorls
and spirals, with the fibres of more circular orienta-
tion in the middle layer, and more longitudinal in
the inner and outer layers. Functionally the detrusor
acts as a single unit. Some of the outer longitudinal
fibres of the detrusor are continuous with the pubo-
vesical muscles (ligaments), the capsule of the pros-
tate in men and the anterior vaginal wall in women
(BANNISTER et al. 1995). Some bundles, the rectovesi-
calis, are continuous with the rectum. At the trigone
two muscular layers can be identified. The deep layer
is the continuation of the detrusor muscle, while the
superficial layer is composed of small-diameter bun-
dles of smooth muscle fibres, continuous with the
muscle of the intramural ureters as well as with the
smooth muscle of the proximal urethra in both sexes.
More recent work has shown that the superficial layer
constitutes two muscular structures, a musculus in-
teruretericus and a sphincter trigonalis or sphincter
vesicae (BANNISTER et al. 1995; DORSCHNER et al.
1999). The latter surrounds the urethral orifice, is
reported not to extend into the urethra, and a dual
role in men is hypothesized: preventing urinary in-
continence and retrograde ejaculation.

1.3.3.2
Adventitia

The adventitia of the bladder is loose, except behind
the trigone. At this site the bladder is anchored to the
cervix uteri and anterior fornix in women. In men
this part of the fascia is the upper limit of the recto-
vesical fascia (fascia of Denonvilliers). At the base of
the bladder, condensations of areolar tissue envelop
the inferior vesical artery, lymphatics, nerve supply
and the vesical veins, forming the lateral ligaments
or pillars of the bladder. The upper surface of the
bladder is covered by peritoneum, while the rest of
the bladder is surrounded by areolar tissue.

1.3.3.3
Bladder Support

The bladder is supported by several ligaments and
by connections to surrounding structures. Anteri-
orly, the fibromuscular pubovesical muscle (liga-
ment) is a smooth muscle extension of the detru-
sor muscle of the bladder to the arcus tendineus
fascia pelvis and the inferior aspect of the pubic
bone (DELANCEY and STARR 1990). Based on a ca-
daver study, others have considered this structure
as a ligament, anterior part of the hiatal membrane
of the levator hiatus (SHAFIK 1999). This muscle is
closely related to the pubourethral ligaments in fe-
males and puboprostatic ligaments in males. The
pubovesical muscle (ligament) has been identified
at MRI and may assist in opening the bladder neck
during voiding (STROHBEHN et al. 1996). Apart from
the pubovesical muscle, other condensations of con-
nective tissue around neurovascular structures can
be found. The bladder neck position is influenced by
connections between the pubovisceral (puborectal)
muscle, vagina and proximal urethra. At the apex of
the bladder is the median umbilical ligament, a rem-
nant of the urachus. Posteroinferior support to the
trigone in women is given by the lateral ligaments
of the bladder, and attachments to the cervix uteri
and to the anterior vaginal fornix. In men postero-
inferior support is from the lateral ligaments and
attachment to the base of the prostate. The base of
the bladder rests on the pubocervical fascia, part of
the endopelvic fascia, suspended between the arcus
tendineus fasciae.

1.3.34
Neurovascular Supply

The innervation of the bladder (detrusor) is com-
plex, involving parasympathetic and sympathetic
nerve components (CHAI and STEERs 1997). Sym-
pathetic fibres from the hypogastric nerves (lumbar
splanchnic or presacral nerves) reach the bladder
via the pelvic plexuses. The parasympathetic nerve
supply is via the pelvic splanchnic nerves (nervi
erigentes, S2 to S4) via the pelvic plexuses and in-
nervates the detrusor. For the efferent sympathetic
innervation there are differences in receptors. At
the bladder neck and urethra a-adrenergic sympa-
thetic innervation is predominant, leading to con-
traction. At the bladder dome there is predominant
b-adrenergic sympathetic innervation leading to
relaxation. Sympathetic stimulation from the spi-
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nal cord (T10-L2) via the hypogastric plexus with
parasympathetic inhibition causes relaxation of the
bladder dome and neck, with urethral contraction.
In micturition the opposite mechanism, i.e. bladder
contraction, relaxation of bladder neck and urethra,
is established by parasympathetic activity and sym-
pathetic inhibition. The ultimate control of the lower
urinary function is in the central nervous system
(CNS), including regions in the sacral spinal cord
(52-S4; Onuf), pons and cerebral cortex.

1.3.4
Urethra and Urethral Support

The control of micturition depends on a complex
interaction between sphincteric components of the
urethra, supportive structures, and CNS coordina-
tion.

1.3.4.1
Female Urethra

The female urethra has a length of approximately
4 cm. The wall of the female urethra comprises an
inner mucous membrane and an outer muscular
coat. The latter consists of an inner smooth muscle
coat (lissosphincter) and an outer striated muscle
sphincter (rhabdosphincter) (Figs. 1.21, 1.22). This
outer striated muscle is anatomically separated from
the adjacent striated muscle of the pelvic diaphragm.
On T2-weighted MRI the urethra is seen embedded
in the adventitial coat of the anterior vaginal wall,
which is attached to the arcus tendineus fascia by
the endopelvic fascia. In women the urethra is at-
tached anteriorly to the pubic bone by the pubovesi-
cal ligaments, which are bordered laterally by the
pubovaginal muscle (LAsT 1978).

Urethral closure pressure depends on the resting
tone of the smooth and striated urethral muscles,
and on a process of coaptation of the vascular plexus
to form a complete mucosal seal.

1.3.4.1.1
Urethral Mucosa

The mucosal membrane of the urethra comprises
epithelium and underlying lamina propria. The lu-
men of the urethra at rest is crescentic and slit-like
in shape in the transverse plane, with a posterior
midline ridge (urethral crest, crista urethralis). The
proximal epithelium of the female urethra is tran-

Fig. 1.22. Endovaginal axial oblique T2-weighted turbo spin-
echo through the superior part of the urethra (white arrow
pubovisceralis, curved arrow urethral supports, R=outer
striated urethral muscle (rthabdosphincter), S=inner smooth
urethral muscle, M=mucosa/submucosa, V=vagina, L=le-
vator ani muscle, IO =internal obturator muscle). Reprinted
with permission from TAN et al. (1998)

sitional epithelium, changing to non-keratinizing
stratified epithelium for the major portion of the
urethra. At the external meatus the epithelium be-
comes keratinized and is continuous with the vestib-
ular skin. The lamina propria is a supportive layer of
loose tissue underlying the epithelium and consists
of collagen fibrils and longitudinally and circularly
orientated elastic fibres and numerous veins. The
rich vascular supply of the lamina propria has a
function in urethral closure by coaptation of the
mucosal surfaces (mucosal seal), a mechanism influ-
enced by oestrogen levels. Pudendal nerve branches
are found in the lamina propria. Afferent pathways
transmit the sensation of temperature and urine
passage via the pudendal nerve.

1.3.4.1.2
Smooth Muscle Urethral Coat

The smooth muscle urethral coat is in the form of a
cylinder and present along the length of the female
urethra. The fibres have a predominantly oblique
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or longitudinal orientation, although at the outer
border circularly orientated fibres are present that
intermingle with the inner fibres of the external
urethral sphincter. The circular orientation of these
fibres and the outer striated muscle suggest a role
in constricting the lumen at contraction. Strata of
connective tissue have been described dividing the
smooth muscles of the proximal two-thirds of the
female urethra into three layers and thin fibres of
the pelvic plexus course to this part of the urethra
(CoLLESELLI et al. 1998). These layers comprise a
thin inner longitudinal layer, thinning out to the
external meatus, a thicker transverse layer and an
outer longitudinal layer. The smooth muscles have
primarily a parasympathetic autonomic nerve sup-
ply originating from the pelvic plexus. The inner-
vation and fibre orientation make a role for this
muscle coat during micturition more likely than in
preserving continence.

1.3.4.1.3
External Urethral Sphincter

The external urethral sphincter has circularly
disposed slow-twitch fibres forming a sleeve that
is thickest at the middle of the urethra (rhab-
dosphincter). At this level the external urethral
sphincter is a continuous ring, although it is rela-
tively thin and largely devoid of muscle fibres pos-
teriorly (CoLLESELLI et al. 1998) (Fig. 1.22). This
is the level of maximal closure pressure. At the
superior and inferior part of the urethra the ex-
ternal urethral sphincter is deficient posteriorly.
The external sphincter slow-twitch fibres exert a
constant tone upon the urethral lumen and play a
role in active urethral closure at rest. During raised
abdominal pressure additional closure force is pro-
vided by fast-twitch fibres. There is a close rela-
tionship with the smooth muscle urethral coat The
striated sphincter muscle is closely related to the
perineal membrane (urogenital diaphragm) and is
separate from the adjacent striated muscle of the
levator ani muscle (YUuceL and BASKIN 2004). At
the distal end the rhabdosphincter consists of two
additional elements: the compressor urethrae and
urethrovaginal sphincter. The anatomy of the ex-
ternal urethral sphincter muscle was described in
detail by OeLRICH 1983 (see Sect. 1.3.4.3 Urethral
Support). With advancing age, a progressive and
age-dependent decrease of the density of striated
muscle cells can be observed in the external sphinc-
ter (STRASSER et al. 1999). Controversy exists about

whether the external urethral sphincter has both a
somatic and autonomic innervation. The somatic
innervation of the external sphincter is through
the pudendal nerve (second to fourth sacral nerve)
(YuckL et al. 2004). Whether the autonomic nerve
fibres from the pelvic plexus, which innervate the
smooth muscle of the inner smooth muscle coat,
also contribute to the external sphincter innerva-
tion remains questionable.

1.3.4.2
Male Urethra

The male urethra extends from the internal orifice
(meatus) to the external urethral orifice (meatus)
beyond the navicular fossa. The length is approxi-
mately 18-20 cm. In general the male urethra is con-
sidered in four parts: preprostatic, prostatic, mem-
branous and spongiose. In this chapter on anatomy
of the pelvic floor emphasis is on the former three
as part of the lower urinary tract.

1.3.4.2.1
Lining of the Male Urethra

The preprostatic and proximal prostatic urethra
is lined by urothelium that is continuous with the
bladder lining as well as with the ducts entering this
part of the urethra (e.g. ducts of the prostate). Below
the ejaculatory ducts the epithelium changes into
(pseudo)stratified columnar epithelium lining the
membranous urethra and part of the penile urethra.
The distal part of the urethra is lined with stratified
squamous epithelium.

1.3.4.2.2
Preprostatic Urethra

The preprostatic urethra is approximately 1-1.5 cm
in length. Superficial smooth muscle fibres sur-
rounding the bladder neck are continuous around
the preprostatic urethra and the prostatic capsule.
The smooth muscle fibres surrounding the prepro-
static urethra form bundles including connective
tissue with elastic fibres. These bundles have been
identified as an internal sphincter at the bladder
neck, the musculus sphincter trigonalis, or muscu-
lus sphincter vesicae (BANNISTER et al. 1995; GILPIN
and GosLING 1983). The rich sympathetic adrenergic
supply of this smooth muscle sphincter has been
suggested as indicative of a function in preventing
retrograde ejaculation.
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1.3.4.2.3
Prostatic Urethra

The prostatic urethra is embedded within the pros-
tate, emerging just anterior to the apex of the pros-
tate. In the posterior midline the urethral crest is
present, with the verumontanum. At this level the
ejaculatory ducts and prostatic ducts enter. The
lower part of the prostatic urethra has a layer of
smooth muscle fibres and is enveloped by striated
muscle fibres continuous with the external urethral
sphincter of the membranous part of the urethra.

1.3.4.2.4
Membranous Urethra and Spongiose Urethra

The membranous urethra extends from the prostatic
urethra to the bulb of the penis and is approximately
2 cmlong. The urethra transverses the perineal mem-
brane with a close relationship with the membrane,
especially laterally and posteriorly. Under the lining
of membranous urethra is fibroelastic tissue that is
bordered by smooth muscle. This smooth muscle is
continuous with the smooth muscle of the prostatic
urethra. Outside this smooth muscle layer is a promi-
nent circular layer of slow-twitch striated muscle fi-
bres, the external urethral sphincter. The fibres of the
external urethral sphincter are capable of prolonged
contraction, resulting in muscle tone and urethral
closure, important for continence. A study using dis-
section of cadavers and MRI in volunteers has indi-
cated the presence of an outer striated muscle and
inner smooth muscle part of the rhabdosphincter,
introducing the terms musculus sphincter urethrae
transversostriatus and musculus sphincter urethrae
glaber (DORSCHNER et al. 1999). The innervation of
the external urethral sphincter is from S2 to S4. The
spongiose urethra commences below the perineal
membrane and is within the spongiose body.

1.3.4.3
Urethral Support

Urethral support is complex and not fully elucidated,
although importantly more insight has been gained
in recent decades. In females the urethra is supported
by numerous structures, including the endopelvic fas-
cia, the anterior vagina and arcus tendineus fascia
pelvis. The endopelvic fascia (also named pubocervi-
cal fascia at this location) is attached at both lateral
sides to the arcus tendineus fascia pelvis (primar-
ily attached to the levator ani muscle as well to the

pubic bone) (Fig.1.10) and superiorly continuous
with the sacrouterine and cardinal ligaments. This
layer of anterior vaginal wall and pubocervical fascia
suspended between the tendineus arcs at both sides
forms a “hammock” underlying and supporting the
urethra (DELANCEY 1994b) (Figs. 1.6, 1.23). Contrac-
tion of the levator ani muscles elevates the arcus ten-
dineus fascia pelvis and thereby the vaginal wall. This
leads to compression of the urethra by the hammock
of supportive tissue. Close to the midline a pair of
fibromuscular ligaments - pubourethral ligaments
- anchor the urethra and vagina (Fig. 1.24), which
can also be visualized using MRI (EL-SAYED et al.
2007). These pubourethral ligaments contain smooth
muscle fibres, an inferior extension of the detrusor
muscle. The ligaments give support to the bladder
neck and urethra (PApA PETROs 1998), and this may
be enhanced by contraction of the smooth muscle
fibres in the ligaments.

Anterior to the urethra a sling-like structure can
be identified (Figs.1.4, 1.8, 1.21-1.23, 1.25). This
structure courses just anterior to the urethraand has
lateral attachments to the levator ani muscle (TAN et
al. 1998; TuNN et al. 2001). This structure has been
identified as the inferior extension of the pubovesi-
cal muscle, originating from the vesical neck (TuNN
etal. 2001) and has also been named the periurethral
ligament (TAN et al. 1998). The aspect of the struc-
ture resembles the configuration of the compressor
urethrae (see below), but the pubovesical muscle has
a higher position, namely at the superior urethra. At
high resolution endovaginal MRI, urethral support
structures (paraurethral ligaments) originating
from the urethra and vaginal surface of the urethra
seem to attach to this sling-like structure (Fig. 1.22).
This structure seems to have an intimate relation-
ship with the inferior urethral supportive structures
(Figs. 1.21, 1.25).

The urethra is in females at the level of the pelvic
diaphragm bordered by the most medial part of the
pubococcygeus muscle (i.e. pubovaginal muscle),
which inserts posteroinferiorly into the perineal
body. The pubococcygeus (pubovaginal) muscle is
not directly attached to the urethra, but with con-
traction the proximity and orientation results in a
closing force on the urethral lumen. In males, the
medial part of the pubococcygeus muscle (pubo-
perineales) has a close relationship, but no direct at-
tachments to the urethra. Contraction of this muscle
has an occlusive effect on the urethra to a certain
extent and is considered important in the quick stop
of micturition (MYERS et al. 2000).
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Fig. 1.23. Cross-section of the urethra (U), vagina (V), arcus
tendineus fasciae pelvis (ATFP) and superior fascia of the
levator ani muscle (SFLA) just below the vesical neck (drawn
from cadaveric dissection). The pubovesicalis (PVM) lies an-
terior to the urethra, and anterior and superior to the para-
urethral vascular plexus (PVP). The urethral supports (USu)
attach the vagina and vaginal surface of the urethra to the
levator ani (LA) muscles (MAt muscular attachment) and to
the superior fascia of the levator ani muscle (FAt=fascial at-
tachment) (R=rectum, RP=rectal pillar, VM =vaginal wall
muscularis). Reprinted from CARDOZO (1997, p. 36), by per-
mission of the publisher Churchill Livingstone

Fig. 1.25. Endovaginal parasagittal oblique T2-weighted
turbo spin-echo parallel to the vaginal axis (white arrow
pubovesicalis, V=vagina). The bulbospongiosus (B) and
external anal sphincter (E) course to the midline perineal
body. Reprinted with permission from TAN et al. (1998)
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Fig. 1.24. Schematic representation of the urethra sphincter. Reprinted from CArRDOZO (1997,
p. 35), by permission of the publisher Churchill Livingstone
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At the inferior half of the urethra, the striated
muscle of the external urethral sphincter exists of
two additional elements: the compressor urethrae
and urethrovaginal sphincter (OELRICH 1983)
(Fig. 1.14). These muscles were previously described
as part of the deep transverse perineal muscle. The
slow-twitch fibres of the compressor urethrae insert
into the urogenital diaphragm near the ischiopubic
rami (DELANCEY 1986), forming a broad arching
muscular sheet with the contralateral counterpart.
The most anterior part is in the midline ventral to
the urethra. It has been described as being below
the sphincter urethrae and has been reported to be
approximately 6 mm wide (OELRICH 1983). The su-
perior edge lies within the urogenital hiatus of the
pelvic diaphragm and is continuous with the lower
fibres of the anterior rhabdosphincter. The compres-
sor urethrae compresses the urethra. As it is orien-
tated at an angle of 130° to the urethra, it can pull
the external meatus inferiorly (OELRICH 1983). This,
in combination with bladder elevation by other pel-
vic floor structures (levator ani), will elongate the
urethra. Visualization of the compressor urethrae
at MRI is not fully elucidated. A sling-like structure
can be identified, although this has a relatively su-
perior position and also has been identified as the
pubovesical muscle (TUNN et al. 2001) (Figs. 1.4, 1.8,
1.22). Other striated muscle fibres encircle the vagina,
forming the urethrovaginal sphincter (Fig.1.14).
The urethrovaginal sphincter can be identified as a
low signal intensity fibrous structure at MRI (TAN et
al. 1998) (Fig. 1.26). This structure is a thin flat mus-
cle up to 5 mm wide that blends anteriorly with the
compressor urethrae. Posterior fibres may extend
to the perineal body. Both the compressor urethrae
and the urethrovaginal sphincter are variable in
form and presence. The distal part of the urethra is
closely related to the bulbospongiose muscles. MRI
studies have confirmed the close anterior relation-
ship of the urethrovaginal sphincter and the com-
pressor urethrae presenting a more or less anterior
sheet (TaN et al. 1998) (Figs. 1.21, 1.25).

1.3.5
Uterus and Vagina

The uterus is a midline visceral organ, pear-shaped
and mainly horizontal in orientation. The upper
two-thirds constitute the body and the lower one-
third the uterine cervix. In general, the cervix is
tilted forward from the coronal plane (anteversion),

Fig. 1.26. Endovaginal axial oblique T2-weighted turbo
spin-echo (S=pubic symphysis, white arrows urethrovagi-
nal sphincter, U=external urethral meatus, V=vaginal
wall, P=pubovisceralis, I=internal anal sphincter, IO=in-
ternal obturator). Reprinted with permission from TAN et
al. (1998)

while the body is slightly flexed on the cervix (ante-
flexion). The uterus is above the pelvic diaphragm.

The vagina transverses the pelvic floor in a sag-
ittal oblique plane, parallel to the pelvic inlet. The
vagina is a fibromuscular sheath extending from
the uterine cervix to the vestibule. The unstretched
length is approximately 7.5 cm anteriorly and 8.5 cm
posteriorly. The vagina is lined by stratified squa-
mous epithelium. The mucous coat is corrugated
by transverse elevations, the vaginal rugae. The
walls are collapsed with the lumen flattened in the
anteroposterior plane (H-shape) in the lower third,
while the vestibular entrance is a sagittal cleft. The
smooth muscle coat primarily has a longitudinal
and oblique orientation.

1.3.5.1
Uterus and Vaginal Support

Support to the uterus and vagina artificially can
be divided into several levels. The endopelvic fas-
cia covering the parametrium (broad ligament) is
the most superior, first layer of pelvic support. The
parametrium enveloped by endopelvic fascia gives
lateral support. At the anterior side of the parame-
trium the round ligament gives accessory support in
maintaining anteversion of the uterus. The endopel-
vic fascia covering the parametrium is continuous
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with the endopelvic fascia supporting the paracol-
pium and has been indicated as level I vaginal sup-
port (DELANCEY 1993) (Figs. 1.6, 1.23).

The second level of support is at the uterine cervix
and primarily concerns the uterosacral and cardinal
ligaments. The uterosacral ligaments are attached
to the posterolateral aspect of the cervix, form the
lateral margins of the pouch of Douglas and insert
fan-like at the presacral fascia at the level of the sec-
ond to fourth sacral foramen. The cardinal ligament
arises from the area of the greater sciatic foramen
and courses to the uterine cervix. Both the cardi-
nal and sacrouterine ligaments surround the cervix
forming a pericervical ring and have attachments to
the bladder base. The ligaments also envelop the su-
perior part of the vagina. Both ligaments have a ver-
tical orientation, suspending the cervix and upper
vagina, and act as a single unit (DELANCEY 1994a).
The cardinal ligaments comprise perivascular con-
nective tissue and the sacrouterine ligaments are
predominantly smooth muscle and connective tis-
sue (DELANCEY and RICHARDSON 1992).

One level inferiorly, support is given by several
structures. The cardinal and sacrouterine ligaments
have downward extensions forming the pubocer-
vical fascia and rectovaginal fascia, both with at-
tachment to the pelvic side wall (DELANCEY 1988;
DELANCEY 1994a). These fasciae (all part of the en-
dopelvic fascia) act as a single unit, just as the sa-
crouterine and cardinal ligaments. The fasciae give
lateral support and have been indicated as level II
support (DELANCEY 1993). The anteromedial part of
the vagina is suspended by the pubocervical fascia.
This fascia is embedded with smooth muscles fibres
and is attached to the arcus tendineus fascia pel-
vis. The attachment of the anterior vaginal wall to
the tendineus arcs at both sides forms a supportive
“hammock” of vaginal tissue and endopelvic fascia
underneath the urethra (Fig. 1.23). The rectovaginal
fascia of the rectovaginal septum supports the pos-
terior part of the vagina. This septum is a sheet of fi-
bromuscular tissue with an abundant venous supply.
The rectovaginal fascia is suspended by attachments
to the cardinal and sacrouterine ligaments and is
laterally attached to the superior fascia of the pelvic
diaphragm (DELANCEY and RICHARDSON 1992). The
rectovaginal fascia has attachments to the perineal
body. The vagina also has lateral support from the
medial part of the levator ani (level III support), just
caudal to the arcus tendineus fasciae pelvis (Figs. 1.9,
1.11), and from the perineal membrane (DELANCEY
and STARR 1990; DELANCEY 1993, 1994a). This sup-

port has been described as attachment and has also
been identified as a separate part of the levator ani:
the pubovaginal muscle. The perineal body and its
attachments give inferior support.

1.3.6
Perineum and Ischioanal Fossa

The perineum is the region below the pelvic dia-
phragm extending to the perineal skin. The region
is bordered from anterior to posterior by the pubic
arch, the inferior pubic ramus, ischial tuberosity,
ischial ramus, sacrotuberous ligament and the coc-
cyx. Often the term perineum is used in a more
restrictive manner, indicating the region of the peri-
neal body and overlying skin.

1.3.6.1
Perineal Body

The perineal body (also named the central perineal
tendon) is a pyramidal fibromuscular node located
at the midline between the urogenital region and
the anal sphincter. At this centre numerous striated
muscles and fascia converge and interlace: the lon-
gitudinal muscle of the anorectum, the pubovaginal
(puboprostaticus) part of the pubococcygeus mus-
cle, the perineal membrane, the superficial trans-
verse perineal muscle, the bulbospongiosus and the
external anal sphincter (Figs. 1.15, 1.16, 1.19, 1.21).
In men, this structure is more like a central point
and may be named the central perineal tendon. In
women the insertion is larger, and the imbrication
of the muscle fibres is more pronounced; therefore, it
is often described as the perineal body. The involve-
ment of numerous muscles with their attachments
to several parts of the pelvic ring (for example, the
anal sphincter is connected to the coccyx by the
anococcygeal ligament) gives the perineal body an
important function in the complex interaction of the
pelvic floor muscles.

1.3.6.2
Ischioanal Fossae

The fat-containing space lying below the levator ani
between the pelvic side wall and the anus (Figs. 1.18,
1.27) is properly termed the ischioanal fossa. The
ischioanal fossa is a wedge-shaped region, extend-
ing from the perineal skin to the under-surface of
the pelvic diaphragm. The base of the fossa is at
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Fig. 1.27. Axial oblique T2-weighted turbo spin-echo
through the lower edge of the anal sphincter in a woman
(E=external anal sphincter, P=perineum, IA=ischioanal
space, IB=ischial bone, G=gluteal musculature)

the perineum and the apex is superior. The lateral
margin is the internal obturator fascia and poste-
riorly the fossa is bordered by the gluteus fascia.
The anterior margin is the perineal membrane, with
a recess at each side extending anteriorly. The is-
chioanal fossa is lined by the deep perineal fascia.
This fascia is attached to the ischiopubic rami, the
posterior margin of the perineal membrane and the
perineal body. The pudendal canal with the puden-
dal nerve and vessels lies at the lateral wall of the
ischioanal fossa

1.3.6.3
Perianal Connective Tissue

The superficial perineal fascia envelops a pad of fat
tissue filling a large part of the ischioanal space. A
network of fibroelastic connective tissue fibres tra-
verses the perianal fat. This arises from the connec-
tive tissue within the longitudinal layer (conjoined
longitudinal coat) (HaAs and Fox 1977) (Fig. 1.28)
and permeates through the sphincters, interlacing
with each other as well as with the perimysium and
endomysium to the pelvic side wall to connect with
the caudal levator fascia and to the perianal skin,
thus anchoring the anus within the pelvic cavity.

Fig. 1.28. Diagram of the anal sphincter in
coronal section showing the contributions
of the longitudinal muscle of the rectum
(LMR), fascia (F) and puboanalis (PA) to
form the longitudinal muscle (LM) running
between the external anal sphincter (EAS)
and the internal anal sphincter (IAS)

1.3.7
Rectum

The rectum commences where the taeniae coli fuse
to form a continuous longitudinal muscular coat.
The intraperitoneal rectum is related anteriorly in
women to the upper vagina and uterus, and in men
to the seminal vesicles with the pouch of Douglas in
between. Anterior to the extraperitoneal rectum are
the posterior vaginal wall and rectovaginal septum
in women and the prostate and seminal vesicles in
men. The ampullary portion of the rectum rests on
the pelvic diaphragm. At this level the tube turns
backward and downward at about a 90° angle at
the anorectal junction. The inferior rectum has no
mesentery, but is enveloped in fat (mesorectum) and
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is bordered by the mesorectal fascia. The length of
the rectum is approximately 12 cm. The rectum has
three lateral curves, the rectal valves of Houston,
often two on the left and one on the right.

1.3.71
Rectal Wall

The epithelium of the upper rectum is continuous
with the colon. The lining comprises columnar cells,
goblet (mucous) cells and microfold cells overlying
lymphoid follicles. Within the mucosa are disten-
sion-sensitive nerve endings, while in the muscular
wall nerve endings are more sensitive to the inten-
sity of distension (HoBDAY et al. 2001). The lining
is supported by the lamina propria, composed of
connective tissue. Below this layer are the muscula-
ris mucosae (with longitudinal and circular layers)
and submucosa.

The muscularis propria of the rectum comprises
an outer longitudinal layer and an inner circular
layer. This layer is uniform except for some thick-
ening of the longitudinal layer anteriorly and pos-
teriorly (anterior and posterior bands). The inner
circular layer thickens at the anorectal junction,
forming the internal sphincter. The longitudinal
layer continues as the longitudinal layer of the anal
sphincter. Some anterior fibres of the longitudinal
layer run into the perineal body as the musculus rec-
tourethralis (BANNISTER et al. 1995).

1.3.7.2
Rectal Support

The rectum is supported by several condensations of
the rectal fascia (ligaments) and by the pelvic floor.
The rectum is surrounded by fat and the mesorectal
fascia. Itis fixed to the sacrum posteriorly by the pre-
sacral fascia (fascia of Waldeyer). Lateral condensa-
tions of the endopelvic fascia, as also present at the
bladder and vagina, give lateral support: the lateral
rectal ligaments (or pillars). The lateral ligaments
course from the posterolateral pelvic wall at the level
of the third sacral vertebra to the rectum. The liga-
ments have a divergent spiral course, being poste-
rior at the rectosigmoid junction and anterolateral
at the lower third of the rectum (MUNTEAN 1999).
Within these ligaments run nerves and the middle
rectal vessels. The lateral ligaments divide the loose
connective tissue-containing pelvirectal space in an
anterior and posterior region. In men, the poste-
rior layer of the rectovesical fascia is continuous

with the prostatic fascia and the peritoneum of the
rectovesical pouch (prostatoperitoneal membrane,
Denonvilliers’ fascia) giving some anterior support
(MUNTEAN 1999). In women the rectovaginal fascia
gives anterior support.

1.3.7.3
Neurovascular Supply of the Rectum

The arterial supply of the rectal mucosal membrane
is by the superior rectal branch of the inferior mes-
enteric artery (hindgut artery), with arterial supply
also to the superior anal sphincter. The muscularis
propria also receives branches of the middle rectal
artery, coursing through the lateral rectal ligament.
Small branches of the median sacral artery are also
part of the arterial supply of the posterior rectum
and anorectal junction (LAST 1978; BANNISTER et
al. 1995). Venous return follows the arterial sup-
ply, although there is an extensive anastomosis be-
tween the venous tributaries. Lymphatic drainage
follows the arterial sources of supply. The superior
rectal vessels are enveloped in a sheet, the fascia of
Waldeyer. There are above the level of the pelvic
floor at both sides of the rectum condensations of
areolar tissue, the lateral ligament (pillar). These
condensations include the middle rectal artery and
branches of the pelvic plexuses.

The nerve supply of the rectum is by the auto-
nomic system. Sympathetic supply is by branches
of the superior hypogastric plexus and by fibres ac-
companying the inferior mesenteric and superior
rectal arteries from the coeliac plexus. Parasym-
pathetic (motor) supply is from S2-S4 to the infe-
rior hypogastric plexuses by the pelvic splanchnic
nerves (nervi erigentes). These fibres give sensory
supply (crude sensation and pain) and have a role in
discriminating between flatus and faeces.

1.3.8
Anal Sphincter

The anal sphincter envelops the anal canal and
is tilted anteriorly in the sagittal plane with the
cranial part forward. The canal is 4-6 cm (average
5 cm) in length (Rociu et al. 2000; BEETS-TAN et
al. 2001).

The anal sphincter is composed of several cylin-
drical layers (Fig. 1.19). The innermost layer is the
subepithelium that seals off the anal canal (anal
cushions) (GIBBONS et al. 1986). The next layer is the
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cylindrical smooth muscle of the internal sphincter,
often separated from the longitudinal layer by a thin
fat-containing layer that represents the surgical in-
tersphincteric space. The outermost layer is the stri-
ated muscle of the external sphincter. The cranial
part of the external sphincter has a close anatomical
relationship with the puborectalis (Fig. 1.29). The
sphincter is surrounded by the ischioanal fossae.
The anococcygeal ligament lies posteriorly in the
midline and attaches the external sphincter to the
coccyx (Figs. 1.19, 1.30). The anococcygeal raphe is
situated superior to this ligament.

1.3.8.1
Lining of the Anal Canal

The lining of the anal canal varies according to em-
bryological origin. There is variation in the relative
contribution between the various linings in indi-
viduals and a transitional zone is present (FENGER
1988).

The upper part of the anus is lined by mucosa
that is colonic in type. The uppermost part still has
muscularis mucosae so that there is a true submu-
cosa present, but there is no muscularis in most of
the canal, so that “subepithelium” is used. The mu-
cosa is arranged into six to ten vertical folds, called
the anal columns, which are separated by grooves
(WoODBURNE 1983). A small crescentic mucous fold,
the anal valves, join the caudal ends of each column.
The submucosal anal glands open just above the
valves. The valves are situated at the dentate line,
which may represent the junction of the endoderm
and ectoderm (anal membrane), although this is
disputed.

The anal cushions are three specialized vascu-
lar engorgements of the submucosa that act as seals
for the anal canal. The lining directly below the
anal columns is smooth hairless skin of the about
1-cm-wide transitional zone, the dentate line. The
dentate line separates the neurovascular supply of
the upper and lower part of the anus; above is auto-

Fig. 1.29. Endoanal coronal oblique T2-weighted turbo spin-
echo at the midanal canal in a 45-year-old man (posterior to
Fig. 1.33) [I=internal sphincter with some internal haemor-
rhoids at the upper half of the sphincter, LL =longitudinal
layer in the intersphincteric space, E=external sphincter,
P=pubovisceralis (puborectalis), L =levator ani (iliococcy-
geus) muscle]. Note the close relationship of the deep part of
the external sphincter and the puborectalis (curved arrow)

Fig. 1.30. Endoanal axial oblique T2-weighted turbo spin-
echo in a male volunteer (superior to Fig. 1.19) (open arrow
mucosa/submucosa with hypointense submucosal muscula-
ris ani, I=internal anal sphincter, white arrow intersphinc-
teric space with the relatively hypointense longitudinal
muscle, E=external sphincter, A=anococcygeal ligament).
The external anal sphincter shortest longitudinal dimension
is anterior, and at this level, the ring is incomplete anteriorly
(see also Fig. 1.33)
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nomic, below is somatic. There is a portosystemic
venous connection at this level. The lining is non-
keratinized cuboidal epithelium, and this region is
richly supplied with sensory nerve endings (both
free and organized nerve endings), important in the
continence mechanism (FENGER 1988). The lowest
part of the anal canal is lined by keratinized strati-
fied squamous epithelium with underlying subcutis
with sweet and sebaceous glands similar to and con-
tinuous with the perianal dermis.

The muscularis submucosae ani is derived from
the longitudinal muscle and forms a thin band of
smooth muscle in the subepithelial layer. Fibres are
orientated downwards towards the dentate line and
are not seen in the lower canal.

1.3.8.2
Internal Anal Sphincter

The internal sphincter is the continuation of the cir-
cular layer of the muscularis propria of the rectum.
This layer increases in thickness below the anorec-
tal junction to form the circular internal sphincter.
The internal sphincter is approximately 2.8 mm
thick on endoluminal imaging (Rociu et al. 2000)
(Figs. 1.19, 1.29, 1.30). The inferior border of the in-
ternal sphincter is approximately 1 cm above the
inferior edge of the sphincter complex (i.e. inferior
edge of the external sphincter). On MRI with a T2-
weighted sequence the internal sphincter appears
as a relatively hypertense circular structure with a
homogeneous, uniform architecture (Fig. 1.19).

1.3.8.3
Intersphincteric Space

The intersphincteric space, is the plane of surgical
dissection between the sphincters. This is presumed
to be the thin sheet of fat containing loose areo-
lar tissue seen as a bright line on T2-weighted MRI
(Figs. 1.19, 1.29). It lays either between the internal
sphincter and the longitudinal layer or between this
layer and the external sphincter, or both. The width
of this space varies considerably.

1.3.8.4
Longitudinal Layer

In the last decade several studies have increased
our understanding of the complex anatomy of the
longitudinal layer (LunNiss and PHILLIPS 1992).
The longitudinal layer (conjoint longitudinal layer

or longitudinal muscle) is the continuation of the
smooth muscle longitudinal layer of the rectum,
with striated muscles from the levator ani, particu-
larly the puboanalis (LunNIss and PHILLIPS 1992),
and a large fibroelastic element derived from the
endopelvic fascia.

The layer is 2.5 mm thick (Rocru et al. 2000). Cra-
nially it is predominantly muscular and fibroelas-
tic caudally. The fibroelastic tissue forms a network
throughout the sphincter and passes through the
subcutaneous external sphincter as bundles or fibres
to insert into the perianal skin. Some fibres running
into the lower canal have been considered to form
the corrugator cutis ani, though this is disputed, as
is even the existence of any such muscle (LUNNISS
and PHILLIPS 1992; BANNISTER et al. 1995). On T2-
weighted MRI the longitudinal muscle layer is seen
as a relatively hypointense layer within the hyper-
intense intersphincteric space (Figs. 1.19, 1.29, 1.30),
with its termination into multiple bundles in the
lower sphincter visible on MRI.

1.3.8.5
External Anal Sphincter

The external sphincter envelops the intersphinc-
teric space and represents the inferior outer aspect
of the anal sphincter. The external sphincter is ap-
proximately 2.7 cm high, while it is shorter anteri-
orly in women, approximately 1.5 cm (Rociu et al.
2000). The lateral part of the external sphincter is
approximately 2.7 cm high. The external sphincter
has a thickness of 4 mm on endoluminal imaging.
The external sphincter extends approximately 1 cm
beyond the internal sphincter (Figs. 1.29, 1.31-1.33).
The muscle is a striated muscle under voluntary con-
trol and comprises predominantly slow-twitch mus-
cle fibres, capable of prolonged contraction. There
is with increasing age a shift towards more type II
(rapid) fibres (LIERSE et al. 1993). The action of the
external sphincter is voluntary closure and reflex
closure of the anal canal and it contributes to the
sphincter tonus to some extent.

The concept of the anatomy of the external
sphincter with respect to the pubovisceral (pu-
borectal/puboanal) muscle has changed over time
(M1LLIGAN and MORGAN 1934; GOLIGHER 1967; OH
and KARK 1972). Some consider the external sphinc-
ter to constitute the complete or largest part of the
outer cylinder of the anal sphincter. The pubovis-
ceral (puborectal/puboanal) muscle is described as
being present at the level of the anorectal junction
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Fig. 1.31. Endoanal axial oblique T2-weighted turbo spin-
echo in a woman through the lower aspect of the external
sphincter (arrows) with a complete anterior ring (I=vaginal
introitus)

Fig. 1.33. Endoanal coronal oblique T2-weighted turbo
spin-echo anterior to Figure 1.29, through the anterior
part of the external anal sphincter. Note that the external
sphincter (curved arrows) is shorter anteriorly than laterally
(P=pubovisceralis, L =levator ani)

Fig. 1.32. Endoanal axial oblique T2-weighted turbo spin-
echo through the lower edge of the internal sphincter (I) in
a woman at a higher level than Figure 1.31 (arrows external
sphincter, V=vagina)

or most superior part of the anal sphincter. These
concepts are based on findings at dissection and at
surgery. Imaging studies, especially endoluminal
MRI, have supported the concept that the pubovis-
ceral (puborectal) muscle comprises approximately
the upper outer half of the anal sphincter (HussAIN
et al. 1995; Roc1u et al. 2000) (Figs. 1.29, 1.34). The
pubovisceral muscle forms a sling around the upper
half. Because of the sling form, no striated muscle
is present anteriorly at this level. The pubovisceral
(puboanal) muscle can be separated from the exter-
nal sphincter muscle on imaging (MRI, endosonog-
raphy) and cadaver studies (HussaIn et al. 1995;
Roc1u et al. 2000; Fucint et al. 1999) (Fig. 1.29).

In theliterature the external sphincter is often de-
scribed as subdivided in the coronal plane: the sub-
cutaneous, superficial and deep part. However, this
concept is not supported by all studies and also sin-
gle-layer and bilayer concepts have been described
as well as a triple-loop concept (BANNISTER et al.
1995; GOLIGHER 1967; OH and KARK 1972; SHAFIK
1975; GARAVOGLIA et al. 1993; BoGDUK 1996). MRI
studies have identified different aspects of the exter-
nal sphincter at certain levels, which to some extent
supports a multilayer anatomy (Rocru et al. 2000).
Clefts between parts of the external sphincter can
be identified at MRI in some individuals, although
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Fig. 1.34. Endoanal parasagittal oblique T2-weighted turbo
spin-echo in a male volunteer. Note the difference in orien-
tation of the external sphincter (E) and pubovisceralis (P)
(A =anterior, L=levator ani)

often only several bundles (also more than three)
can be identified without clear clefts. The external
sphincter has posterior fibres continuous with the
anococcygeal ligament. Some of the anterior fibres
decussate into the superficial transverse perineal
muscle and perineal body. The deep part of the ex-
ternal sphincter is intimately related to the puborec-
tal muscle (Fig. 1.29).

1.3.8.6
Pubovisceral (Puborectal) Muscle

The pubovisceral part of the levator ani comprises
the puborectalis and pubococcygeus. The pubovis-
ceral (puborectal) muscle is approximately 2.8 cm
high and 5.6 mm thick when measured on endoanal
MRI (Roc1u et al. 2000) (Fig. 1.29). The sling-like
puborectalis has a somewhat tilted transverse orien-
tation with the open ends attached to the pubic bone
(see Sect. 1.3.2.2 Pelvic Diaphragm) (Fig. 1.35). The
puborectalis displays some resting tone, but con-
tracts rapidly in response to any sudden increase in
intraabdominal pressure to prevent incontinence.
The urogenital hiatus with urethra, vagina and
anus and supportive structures is bordered and sup-
ported by the puborectalis (see Sect. 1.3.2.2 Pelvic
Diaphragm).

Fig. 1.35. Endoanal axial oblique T2-weighted turbo spin-
echo in a male volunteer (superior to Fig. 1.30) (P=pubo-
visceralis, L=Ilongitudinal layer, I=internal sphincter,
U=urethra)

1.3.8.7
Anal Sphincter Support

The anal sphincter has numerous attachments. For
anterior support the perineal body and its attach-
ments are important, as well as other supportive
structures in the anovaginal septum in females and
the Denonvilliers’ fascia in males. Lateral support
is given by the levator ani muscle (pubovisceral
muscle) and superficial transverse perineal muscle.
Posterior support is given by the attachment of the
anococcygeal ligament to the coccyx and superiorly
by the continuity with the rectum. The fibroelastic
network surrounding and involving the anal sphinc-
ter gives more general support.

1.3.8.8
Anal Sphincter Anatomy Variance and Ageing

Normal variants of anal sphincter anatomy have
been identified, such as differing relationships be-
tween the superficial transverse perineal muscle and
the external sphincter (Haas and Fox 1977). The
inferior edge of the external sphincter may have a
closed circular configuration or may be open ante-
riorly and posteriorly. After trauma (e.g. obstetric),
the anal sphincter anatomy may be disturbed with-
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out clinical symptoms. These findings may possibly
be related to late-onset incontinence.

Sex-related differences include a significantly
shorter external sphincter in women than in men,
especially anteriorly. The central perineal tendon
in men is a central muscular insertion point; in
women, it represents an area where muscle fibres
imbricate. The external sphincter has a more hori-
zontal orientation in women. In women, the lon-
gitudinal muscle terminates just cranial to the ex-
ternal sphincter, whereas in men it extends to the
caudal part of the external sphincter. The superficial
transverse perineal muscle is close to the external
sphincter, and their relationship in the craniocaudal
direction is different between the sexes. In women,
the superficial transverse perineal muscle is directly
superior to the external sphincter, often with some
overlap (Fig. 1.21). In men, the superficial perineal
muscle is directly anterior to the external sphincter.
The central perineal tendon is an insertion common
to all the striated muscles, which anchors the anal
sphincter to the surrounding structures (superficial
transverse perineal muscle, bulbospongiosus mus-
cle, urogenital diaphragm). In men, this structure
is more like a central point, whereas in women this
insertion is larger, and the imbrication of the muscle
fibres is more pronounced; therefore, it is often de-
scribed as the perineal body.

Age-related variations included a significant de-
crease in the thickness of the longitudinal muscle
and an increase in the thickness of the internal
sphincter in both sexes (Rociu et al. 2000). A de-
crease in the thickness of the external sphincter in
men with age has been demonstrated. In females
this is also most likely in normal ageing; however
when coinciding with external sphincter defects this
may lead to incontinence. No significant age-related
differences in the lengths of the anal canal, external
sphincter and puborectalis are found.

1.3.8.9
Neurovascular Supply of the Anal Sphincter

The arterial, venous, lymphatic and nerve supply of
the superior two-thirds of the anus (hindgut origin)
is different from the inferior one-third (proctoderm
origin) (MooRE and PERSAUD 1998). The arterial
supply of the superior two-thirds is mainly by the
inferior rectal artery, a branch of the inferior mesen-
teric artery (hindgut artery). Small branches of the
median sacral artery also are part of the arterial sup-
ply of the posterior anorectal junction (BANNISTER

et al. 1995; LasT 1978). Venous drainage is by the
superior rectal vein, draining to the inferior mesen-
teric artery. For the inferior one-third of the anus,
arterial supply is by inferior rectal branches of the
internal pudendal artery and venous drainage by
the inferior rectal vein, a tributary of the internal
pudendal vein draining into the internal iliac vein.
The submucosa of the anal canal is a junction of the
portal and systemic venous systems. Longitudinal
veins, cross-connecting at the anal valves, are con-
nected to the veins of the transitional zone (dentate
or pectineal line) and cutis and to radicles crossing
the anal sphincters forming the inferior and middle
rectal veins draining to the internal iliac vein and
inferior caval vein. Ascending mucosal veins will
drain into the superior rectal vein and portal sys-
tem.

The lymphatics of the (cloacal) anus primarily
follow the supplying and draining vessels, especially
the superior rectal vessels to the inferior mesenteric
nodes. Lymphatic drainage of the lowest (procto-
derm) part of the anal sphincter is to the superficial
inguinal nodes.

The autonomic nerve supply of the internal
sphincter is by sympathetic fibres along the superior
rectal artery via the inferior pelvic plexus and para-
sympathetic (inhibitory) fibres through the inferior
pelvic plexus and splanchnic nerves (S2-54). For the
function of the internal sphincter, the enteric plexus
and associated autonomic and visceral sensory
nerves are involved. Afferent impulses (distension)
pass through the parasympathetic nerves and pain
impulses through sympathetic and parasympathetic
nerves (BANNISTER et al. 1995). The external sphinc-
ter has nerve supply by the inferior rectal branch of
the pudendal nerve (S2, S3) and the perineal branch
of the fourth sacral nerve (S4). The puborectalis
has a dual somatic innervation by the levator ani
nerve from its superior surface (S3/S4) and by the
pudendal nerve (inferior rectal nerve branch and/or
perineal nerve branch). For both external sphinc-
ter and puborectalis, regulation is partly reflex (e.g.
sudden increase in abdominal pressure) and partly
voluntary through the visceral and somatic afferent
and somatic efferent nerves. Important for proper
function of the anal sphincter is the rich supply of
sensory endings at the dentate line and propriocep-
tive fibres. Motor control and sensory input are pro-
cessed at several levels of the central nervous sys-
tem. Nerve supply to the superior two-thirds of the
anal lining is by the autonomic nervous system, for
the lower part by the inferior rectal nerve.
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1.3.9
Nerve Supply of the Pelvic Floor

In this section the main nerve supply of the pelvic
floor is described. The specific nerve supply for parts
of the pelvic floor has been described in the sections
describing these structures. The nerve supply to the
pelvic floor and related organs is by branches of the
sacral plexus - the pudendal nerve (coursing inferior
to the pelvic floor), the levator ani nerve (coursing
superior to the pelvic floor) and the parasympathetic
pelvic splanchnic nerves (nervi erigentes) — and the
sympathetic supply by the hypogastric nerve. Higher
regulating levels of the central nervous system (e.g.
pontine micturition centre, cerebral cortex) are cru-
cial for proper function of the pelvic floor.

1.3.9.1
Somatic Nerve Supply

The pudendal nerve supplies the majority of the so-
matic innervation of the pelvic floor region. The
pudendal nerve courses through the greater sciatic
foramen, travelling dorsal to the ischial spine to the
pudendal canal at the lateral side of the ischiorectal
fossa (COLLESELLI et al. 1998). At the level of the
pelvic floor the pelvic floor divides into the inferior
rectal nerve, the perineal nerve and the dorsal nerve
of the clitoris/penis. These branches give motoric
supply to the the pelvic floor muscles and sphinc-
ters and additionally have a sensory contribution.
The levator ani muscle is mainly innervated by the
levator ani nerve on its superior surface (S3/S4).
The pudendal nerve only has a contribution in ap-
proximately 50% of cases (WALLNER et al. 2006a,
WALLNER et al. 2006b, WALLNER et al. submitted).

1.3.9.2
Autonomic Nerve Supply

The pelvic parasympathetic supply (pelvic splanch-
nic nerves or nervi erigentes) arises from S2-S4.
The sympathetic nerves arising from T10-T12
course through the sympathetic chain and preaor-
tic plexus (superior hypogastric plexus) to the hy-
pogastric nerve which subsequently approaches
the pelvic plexus. Together, these parasympathetic
and sympathetic nerves form the autonomic nerve
plexus in the small pelvis (pelvic plexus or inferior
hypogastric plexus).

The pelvic plexus is a coarse, flat meshwork, en-
larged in places by ganglia and is situated laterally to

the pelvic organs. It stretches from an area antero-
lateral to the rectum, passes the cervix and the vagi-
nal fornix laterally and extends to the lateral vaginal
wall and the base of the bladder. The course of the
nerve plexus through the small pelvis follows the
connective tissue plane which supports the uterine
cervix, vagina and bladder (Maas et al. 1999).

The pelvic plexus is the pathway for sympathetic
and parasympathetic nerves supplying the rectum,
uterus, vagina, vestibular bulbs, clitoris, bladder
and the urethra. The superior hypogastric plexus
and hypogastric nerves are mainly sympathetic,
and the pelvic splanchnic nerves are mainly para-
sympathetic. In urinary function, parasympathetic
injury produces a hypocontractile or acontractile
bladder with decreased sensation. Sympathetic de-
nervation can result in a bladder with decreased
compliance and a high storage pressure. In addi-
tion, sympathetic nerve injury may cause bladder
neck incompetence and incontinence. Disruption
of the autonomic nerves to the rectum would result
in colorectal motility disorders (MaaAs et al. 1999).
Moreover, the autonomic nerves are essential to a
normal sexual function. Disruption of the sympa-
thetic nerve supply to the pelvic plexus could lead to
disturbed ejaculation in men and impaired vaginal
lubrication in women. Damage to the parasympa-
thetic nerve supply could lead to erectile dysfunc-
tion in men and to impairment of the vasoconges-
tion response in women (Maas 2003).
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Introduction

Pelvic organ prolapse and urinary incontinence
are debilitating problems that prevent one in nine
women from enjoying a full and active life (OLSEN et
al. 1997). They arise due to injuries and deterioration
of the muscles, nerves and connective tissue that
support and control normal pelvic organ function.

J. O. L. DELANCEY, MD

Norman E. Miller Professor of Gynecology, L4000 Women’s
Hospital, University of Michigan, 1500 E. Medical Center Drive,
Ann Arbor, MI 48109-0276, USA

Although it is clear that incontinence and prolapse
increase with age (OLSEN et al. 1997), there is no
hour during a woman’s life when these structures
are more vulnerable than during the time a woman
delivers a child. Vaginal birth confers a 4- to 11-fold
increase in risk of developing pelvic organ prolapse
(MANT et al. 1997).

This chapter addresses the functional anatomy of
the pelvic floor in women. The anal sphincter and
intestinal tract are discussed in Section 4 of this
book. This chapter focuses specifically on how the
pelvic organs are held in their normal positions and
how pelvic visceral function affects urinary conti-
nence and prolapse of the vagina and uterus. The
basic anatomy of the female pelvic floor is covered
in Chapter 1, but short reviews of pertinent material
are provided here to assist in orientation before de-
scribing the functional aspects of those anatomical
structures.

Support of the Pelvic Organs

The pelvic organs, when removed from the body,
exist only as a limp and formless mass. Their
shape and position in living women is determined
by their attachments to the pubic bones through
the muscles and connective tissue of the pelvis.
The actions of their sphincters and muscles require
connection to the peripheral and central nervous
systems. The structures of the pelvic organ sup-
ports are important to understanding pelvic floor
dysfunction. In this chapter the term pelvic floor is
used broadly to include all the structures support-
ing the abdominal and pelvic cavity rather than the
restricted use of this term to refer to the levator ani
group of muscles.
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The pelvic floor consists of several components
lying between the pelvic peritoneum and the vulvar
skin. These are (from above downward) the perito-
neum, pelvic viscera and endopelvic fascia, levator
ani muscles, perineal membrane and external geni-
tal muscles. The eventual support for all of these
structures comes from their connection to the bony
pelvis and its attached muscles. The viscera are often
thought of as being supported by the pelvic floor, but
are actually a part of it. The viscera play an impor-
tant role in forming the pelvic floor through their
connections to the pelvis by such structures such as
the cardinal and uterosacral ligaments.

The phenomenon of prolapse can be understood
by analogy (Fig. 2.1). BONNEY (1934) pointed out that
the vaginais in the same relationship to the abdomi-
nal cavity as the in-turned finger of a surgical glove
is to the rest of the glove. If the pressure in the glove
is increased, it forces the finger to protrude down-
wards in the same way that increases in abdominal
pressure force the vagina to prolapse. Figure 2.2
demonstrates this phenomenon and the strate-
gies the body uses to prevent prolapse. Figure 2.2a
and Figure 2.2b provide a schematic illustration of
this phenomenon of prolapse. In Figure 2.2¢c, the
lower end of the vagina is held closed by the pelvic
floor muscles preventing prolapse by constriction.
Figure 2.2d shows suspension of the vagina to the
pelvic walls. Figure 2.2e demonstrates that spatial
relationships are important. This is a flap valve clo-
sure where the suspending fibers hold the vagina in
a position against the supporting walls of the pelvis
so thatincreases in pressure force the vagina against

Fig.2.1. Bonney’s analogy of the eversion of an inturned surgi-
cal glove finger by increasing pressure in the glove simulating
prolapse of the vagina (DELANCEY 2002, with permission)

Fig. 2.2a-e. Diagrammatic display of vaginal support strat-
egies. a Invaginated area in a surrounding compartment;
b what happens when the pressure (arrow) is increased;
¢ muscle action where closing the bottom of the vagina pre-
vents its descent; d ligament suspension; e flap valve closure
where a tethering suspension holds the vagina in such a posi-
tion where it is pressed against the wall and pinned in place
(DELANCEY 2002, with permission)

the wall, thereby pinning it in place. Vaginal sup-
port is a combination of constriction, suspension
and structural geometry.

Because the supportive tissues attach the pelvic
organs to the pelvic walls, the female pelvis can nat-
urally be divided into anterior and posterior com-
partments (Fig. 2.3). The levator ani muscles form
the bottom of the pelvis. The organs are attached to
the levator ani muscles when they pass through the
urogenital hiatus and are supported by these con-
nections.

2.21
Endopelvic Fascia

On each side of the pelvis the endopelvic fascia
attaches the cervix and vagina to the pelvic wall
(Fig. 2.4). This fascia forms a continuous sheet-like
mesentery — extending from the uterine artery at
its cephalic margin to the point at which the vagina
fuses with the levator ani muscles below. The part
that attaches to the uterus is called the parametrium
and that which attaches to the vagina, the paracol-
pium (DELANCEY 1992).

The vagina is attached laterally to the pelvic walls
forming a single divider in the middle of the pelvis
that determines the nature of prolapse. Cystoceles
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Fig. 2.3. Compartments of the pelvis. The va-
gina, connected laterally to the pelvic walls, di-
vides the pelvis into an anterior and posterior
compartment (DELANCEY 1998, with permis-
sion; based on SEARsS 1933)

and rectoceles occur from the front or the back.
There are no “lateroceles”. The division of clinical
problems into cystoceles, rectoceles and apical pro-
lapse reflects the nature of these lateral connections.
Therefore, there are three types of movement that
occur in patients with pelvic organ prolapse: (1) the
cervix or vaginal apex can move downward between
the anterior and posterior supports; (2) the anterior
vaginal wall can protrude through the introitus; and
(3) the posterior wall can protrude through the in-
troitus. These different types of support loss arise
because of the location of the genital tract’s connec-
tion to the pelvic sidewall. The location of connec-
tive tissue damage determines whether a woman
has a cystocele, rectocele, or vaginal vault prolapse,
and understanding the different characters of this
support helps understand the different types of pro-
lapse that can occur.

2.2.2
Uterovaginal Support

The attachments of the cervix and uterus to the
pelvic walls are comprised of the cardinal and
uterosacral ligaments (CAMPBELL 1950; RANGE and

WOODBURNE 1964), tissues that can be referred to
together as the parametrium (Fig. 2.4). This tissue
continues downward over the upper vagina to attach
it to the pelvic walls and is called the paracolpium
here (DELANCEY 1992). These tissues provide sup-
port for the vaginal apex following hysterectomy
(Fig. 2.5). This paracolpium has two portions. The
upper portion (level I) consists of a relatively long
sheet of tissue that suspends the vagina by attach-
ing it to the pelvic wall whether or not the cervix

Parametrium
Paracolpium
Obturator internus
muscle

Arcus tendineus
levator ani
Vesical neck
Levator ani
Arcus tendineus
fasciae pelvis
*Ischial spine

Fig. 2.4. Attachments of the cervix and vagina to the pelvic
walls demonstrating different regions of support with the
uterus in situ. Note that the uterine corpus and the bladder
have been removed (DELANCEY 2002, with permission)

Levator ani

Fig. 2.5. Levels of vaginal support after hysterectomy. Level I
(suspension) and level II (attachment). In [evel I the para-
colpium suspends the vagina from the lateral pelvic walls.
Fibers of level I extend both vertically and also posteriorly
towards the sacrum. In level II the vagina is attached to the
arcus tendineus fasciae pelvis and the superior fascia of
levator ani (DELANCEY 1992, with permission)
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is present. In the mid-portion of the vagina, the
paracolpium attaches the vagina laterally and more
directly to the pelvic walls (level II). This attach-
ment stretches the vagina transversely between the
bladder and rectum and has functional significance.
The structural layer that supports the bladder (“pu-
bocervical fascia”) is composed of the anterior vagi-
nal wall and its attachment through the endopelvic
fascia to the pelvic wall (Fig. 2.6). It is not a separate
layer from the vagina as sometimes inferred, but is
a combination of the anterior vaginal wall and its
attachments to the pelvic wall. Similarly, the poste-
rior vaginal wall and endopelvic fascia (rectovaginal
fascia) forms the restraining layer that prevents the

Fasciae:
Pubocervical

L .
evator ani Rectovaginal

Fig. 2.6. Close-up of the lower margin of level II after a
wedge of vagina has been removed (inset). Note how the
anterior vaginal wall, through its connections to the arcus
tendineus fascia pelvis, forms a supportive layer clinically
referred to as the pubocervical fascia (DELANCEY 1992, with
permission)

rectum from protruding forward, blocking forma-
tion of a rectocele. In the distal vagina (level III)
the vaginal wall is directly attached to surrounding
structures without any intervening paracolpium.
Anteriorly it fuses with the urethra, posteriorly with
the perineal body, and laterally with the levator ani
muscles.

2.2.3
Apical Prolapse; Uterus or Vaginal Apex

One common type of pelvic organ prolapse involves
descent of the uterus or the vaginal apex in women
that have previously undergone a hysterectomy
(Fig. 2.7). The nature of uterine support can be un-
derstood when the uterine cervix is pulled down-
ward with a tenaculum during a D&C or pushed
downward during a laparoscopy. After a certain
amount of descent within the elastic range of the
fascia, the parametria become tight and arrest fur-
ther cervical descent. Similarly, downward descent
of the vaginal apex after hysterectomy is resisted
by the paracolpia. The fact that these ligaments do
not limit the downward movement of the uterus in
normal healthy women is attested to by the obser-
vation that the cervix may be drawn down to the
level of the hymen with little difficulty (BARTSCHT
and DELANCEY 1988). The same can be said of the
vaginal apex after hysterectomy.

Damage to the upper suspensory fibers of the par-
acolpium causes uterine or vaginal vault prolapse
(Fig. 2.8) and damage to the level IT and III supports

Fig. 2.7. Uterine prolapse
(left) showing the cervix

| protruding from the vagi-
nal opening and vaginal
prolapse (right) where the
puckered scar from where
the cervix used to be and
upper vagina are pro-
lapsed (DELANCEY 2002,
with permission)
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Fig. 2.8. Damage to the suspensory ligaments
that can lead to eversion of the vaginal apex
when subjected to downward force (DELANCEY
2002, with permission)

of the vagina, resulting in cystocele and rectocele.
These defects occur in varying combinations and
this variation is responsible for the diversity of clini-
cal problems encountered within the overall spec-
trum of pelvic organ prolapse.

2.2.4
Anterior Wall Support and Urethra

The position and mobility of the anterior vaginal
wall, bladder and urethra are important to urinary
continence and cystocele (ALa-KeToLA 1973). Flu-
oroscopic examination has shown that the upper
urethra and vesical neck are normally mobile struc-
tures while the distal urethra remains fixed in posi-
tion (MUELLNER 1951; WESTBY et al. 1982). Both the
pelvic floor muscles and the pelvic fasciae therefore,
determine the support and fixation of the urethra,
and the activity of the muscles has significant impact
on urethral support (MILLER et. al. 2001).

The anterior vaginal wall and urethra are inti-
mately connected. Failure of this supportive system
results in downward descent of the anterior vaginal
wall. Their support depends not on attachments of
the urethraitself to adjacent structures, but upon the
connection of the vagina and periurethral tissues to
the muscles and fascia of the pelvic wall (Fig. 2.9).
On either side of the pelvis, the arcus tendineus fas-
ciae pelvis is found as a band of connective tissue
attached at one end to the lower sixth of the pubic

Endopelvig
fascia el
Ant. Yaginal wall— T

- Arcus tend.
Rectum — fasc. pelv,

- Levatar ani

External anal 3 - Urethra
sphinctey ——— =

- Perinesl
membrang

Fig. 2.9. Lateral view of the pelvic floor structures related to
urethral support seen from the side in the standing position,
cut just lateral to the midline. Note that windows have been
cut in the levator ani muscles, vagina, and endopelvic fascia
so that the urethra and anterior vaginal walls can be seen
(DELANCEY 2002, with permission; redrawn after DELANCEY
1994)

bone, 1 cm from the midline, and at the other end to
the ischial spine. The anterior portion of this band
lies on the inner surface of the levator ani muscle
that arises some 3 cm above the arcus tendineus fas-
ciae pelvis.

The layer of tissue that provides urethral support
has two lateral attachments; a fascial attachment
and a muscular attachment (Fig.2.9) (DELANCEY
1994). The fascial attachment of the urethral sup-
ports connects the periurethral tissues and anterior
vaginal wall to the arcus tendineus fasciae pelvis
and has been called the paravaginal fascial attach-
ments by RICHARDSON et al. (1981). They observed
that it is a lateral detachment of the connections of
the pubocervical fascia from the pelvic wall that is
associated with stress incontinence and cystoure-
throcele (Fig. 2.10). The muscular attachment con-
nects these same periurethral tissues to the medial
border of the levator ani muscle. These attachments
allow the levator ani muscle’s normal resting tone to
maintain the position of the vesical neck, supported
by the fascial attachments. When the muscle relaxes
at the onset of micturition, it allows the vesical neck
to rotate downward to the limit of the elasticity of
the fascial attachments, and then contraction at the
end of micturition allows it to resume its normal
position.
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Fig. 2.11. Left Displacement cystocele where the intact ante-
rior vaginal wall has prolapsed downward due to paravagi-
nal defect. Note that the right side of the patient’s vagina
and cervix has descended more than the left because of a
larger defect on this side. Right Distension cystocele where
the anterior vaginal wall fascia has failed and the bladder is
distending the mucosa (DELANCEY 2002, with permission)

Loss of anterior vaginal support results in what
gynecologists call a cystocele or anterior wall pro-
lapse (Fig. 2.11). This can occur either because of lat-
eral detachment of the anterior vaginal wall at the
pelvic side wall, referred to as a displacement cysto-
cele, or as a central failure of the wall (“pubocervical
fascia”) itself that results in a distension cystocele.

Theurethral support mechanisminfluencesstress
incontinence, not by determining how high or how
low the urethra is, but by how it is supported. In ex-
amining anatomic specimens, simulated increases

Fig. 2.10. Left panel shows normal at-
tachment of the arcus tendineus fascia
pelvis to the pubic bone (white arrow)
showing the arcus tendineus fascia pel-
vis (black arrow). Right panel shows a
paravaginal defect where the pubo-
cervical fascia has separated from the
arcus tendineus (black arrows mark
the sides of the split) (PS=pubic sym-
physis) (DELANCEY 2002, with permis-
sion)

Fig. 2.12. Lateral view of pelvic floor with the ure-
thra, vaginaand fascial tissues transected at the level
of the vesical neck drawn indicating compression of
the urethra by downward force (arrow) against the
supportive tissues indicating the influence of ab-
dominal pressure on the urethra (DELANCEY 1994,
with permission)

in abdominal pressure reveal that the urethra lies
in a position where it can be compressed against the
supporting hammock by rises in abdominal pres-
sure (Fig.2.12) (DELANCEY 1994). In this hypoth-
esis, it is the stiffness of this supporting layer under
the urethra rather than the height of the urethra that
would influence stress continence. In an individual
with a firm supportive layer the urethra would be
compressed between abdominal pressure and pelvic
fascia in much the same way that you can stop the
flow of water through a garden hose by stepping on it
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and compressing it against an underlying sidewalk.
If, however, the layer under the urethra becomes un-
stable and does not provide a firm backstop for ab-
dominal pressure to compress the urethra against,
the opposing force that causes closure is lost and the
occlusive action diminished. This latter situation is
similar to trying to stop the flow of water through
a garden hose by stepping on it while it lays on soft
soil.

2.2.5
Posterior Support

The posterior vaginal wall is supported by connec-
tions between the vagina, the bony pelvis and the
levator ani muscles (DELANCEY 1999). The lower
one-third of the vagina is fused with the perineal
body (Fig. 2.13). This structure is the attachment
between the perineal membranes on either side. This
connection prevents downward descent of the rec-
tum in this region. If the fibers that connect one side
with the other rupture, then the bowel can protrude
downward. (Fig. 2.14)

The mid-posterior vaginal wall is connected to
the inside of the levator ani muscles by sheets of
endopelvic fascia (Fig. 2.15). These connections pre-
vent the ventral movement of the vagina during in-
creases in abdominal pressure. These paired sheets
are sometimes called the rectal pillars. In the upper
one-third of the vagina, the vaginal wall is con-
nected laterally by the paracolpium and in this re-
gion there is a single attachment for the vagina and
there is not a separate system for the anterior and
posterior vaginal walls. This is essentially the same
support provided by level I.

Fig. 2.13. The perineal mem-
branespansthearchbetween the
ischiopubic rami with each side
attached to the other through
their connection in the perineal
body. Note that separation of the
fibers in this area leaves the rec-
tum unsupported and results in
alow rectocele (DELANCEY 1999,
with permission)

When abdominal pressure forces the posterior
vaginal wall downward towards the introitus, these
attachments between the posterior vaginal wall and
the levator muscles prevent this downward move-
ment. The uppermost area of the posterior wall is
suspended and descent of this area is most closely
associated with the clinical problem of enterocele
and vaginal vault prolapse. The lateral connections
in the mid-vagina hold this portion of the vaginal

Fig. 2.14. Rectocele due to separation of the
perineal body. Note the end of the hymenal ring
that lies laterally on the side of the vagina, no
longer united with its companion on the other
side (DELANCEY, with permission)
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Fig. 2.15. Lateral view of the pelvis
showing the relationships of the pu-
borectalis, iliococcygeus and pelvic
floor structures after removal of the
ischium below the spine and sacrospi-
nous ligament (SSL) (EAS=external
anal sphincter). The bladder and va-
gina have been cut in the midline yet
the rectum left intact. Note how the en-
dopelvic fascial “pillars” hold the vagi-
nal wall dorsally preventing its down-
ward protrusion (DELANCEY 1999, with
permission)

\u- o

Fig. 2.16. Mid-vaginal rectocele that protrudes through
the introitus despite a normally supported perineal body
(DELANCEY, with permission)

wall in place and prevent a mid-vaginal rectocele
from occurring (Fig.2.16). The multiple connec-
tions of the perineal body to the levator muscles and
the pelvic sidewalls prevent a low rectocele from
descending downward through the opening of the
vagina (the urogenital hiatus and the levator ani
muscles). These defects in the support at the level
of the perineal body most frequently occur during

vaginal delivery and are the most common type of
posterior vaginal wall support problem.

The attachment of the levator ani muscles into
the perineal body is important and damage to this
part of the levator ani muscle during birth is one
of the unrepairable aspects of pelvic floor dysfunc-
tion. Recent magnetic resonance imaging has viv-
idly depicted these defects and will add greatly to
our understanding of pelvic organ prolapse etiology.
It is the author’s personal belief that this muscular
damage is one of the important factors that results
in recurrence. An individual with muscles that do
not function properly has a problem that is not sur-
gically correctable. A more complete understanding
of the biomechanics of this region will be needed for
us to fully appreciate the importance of this injury.

2.2.6
Levator Ani Muscles

The levator ani muscles play a critical role in sup-
porting the pelvic organs (HALBAN and TANDLER
1907, summarized in PorRGEs and PORGEs 1960;
BErGLAS and RUBIN 1953). Not only has evidence
of this been seen in magnetic resonance scans
(KIRSCHNER-HERMANNS et al. 1993; TuNN et al.
1998) but histological evidence of muscle damage
has been found as well (KoeLBL et al. 1989) and
tied to operative failure (HANZAL et al. 1993). Any
connective tissue within the body may be stretched
by subjecting it to a constant force. Skin expanders
used in plastic surgery stretch the dense and resis-
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tant dermis to extraordinary degrees and flexibility
exercises practiced by dancers and athletes elongate
leg ligaments with as little as 10 min of stretching a
day. Both of these observations underscore the mal-
leable nature of connective tissue when subjected to
force over time. If the ligaments and fasciae within
the pelvis were subjected to the continuous stress
imposed on the pelvic floor by the great force of ab-
dominal pressure, they would stretch. This stretch-
ing does not occur because the constant tonic activ-
ity of the pelvic floor muscles (PARKS et al. 1962)
closes the pelvic floor and carries the weight of the
abdominal and pelvic organs, preventing constant
strain on the ligaments.

Below the fascial layer is the levator ani group of
muscles (LAwsoN 1974). (Fig. 2.17). They have a con-
nective tissue covering on both superior and inferior
surfaces called the superior and inferior fasciae of
the levator ani. When these muscles and their fas-
ciae are considered together, the combined struc-
ture is called the pelvic diaphragm.

The opening within the levator ani muscle
through which the urethra and vagina pass (and
through which prolapse occurs), is called the uro-
genital hiatus of the levator ani. The rectum also
passes through this opening, but because the leva-
tor ani muscles attach directly to the anus it is not
included in the name of the hiatus. The hiatus,
therefore, is bounded ventrally (anteriorly) by the
pubic bones, laterally by the levator ani muscles and
dorsally (posteriorly) by the perineal body and ex-
ternal anal sphincter. The normal baseline activity
of the levator ani muscle keeps the urogenital hia-

Fig. 2.17. Levator ani muscles seen from below. The cut
edge of the perineal membrane (“urogenital diaphragm”)
can be seen on the left of the specimen (DELANCEY, with
permission)

tus closed (TAVERNER 1959). It squeezes the vagina,
urethra and rectum closed by compressing them
against the pubic bone and lifts the floor and organs
in a cephalic direction.

There are two basic regions of the levator ani
muscle. One, the iliococcygeal portion, forms a
relatively flat, horizontal shelf that spans the pelvic
opening from one pelvic sidewall to the other. The
second portion of the pubovisceral muscle is a sling
of muscle that arises from the pubic bone on either
side forming a sling around and behind the pelvic
organs and also attaches to the walls of the pelvic
organs. This includes what is generally referred to
as the pubococcygeus and the puborectalis por-
tions. This medial portion has constant activity and
is responsible for holding the pelvic floor closed by
constricting the urogenital hiatus in the levator ani
muscles.

The constant activity of the levator ani muscle is
similar to other postural muscles. This continuous
contraction is similar to the continuous activity of
the external anal sphincter muscle and closes the
lumen of the vagina in a way similar to the way in
which the anal sphincter closes the anus. This con-
stant action eliminates any opening within the pel-
vic floor through which prolapse could occur and
forms a relatively horizontal shelf on which the pel-
vic organs are supported (NICHOLS et al. 1970).

2.2.7
Pelvic Floor Muscles and
Endopelvic Fascia Interactions

The interaction between the pelvic floor muscles and
the supportive ligaments is critical to pelvic organ
support. As long as the levator ani muscles function
properly the pelvic floor is closed and the ligaments
and fasciae are under no tension. The fasciae simply
act to stabilize the organs in their position above the
levator ani muscles. When the pelvic floor muscles
relax or are damaged, the pelvic floor opens and the
vagina lies between the high abdominal pressure
and low atmospheric pressure. In this situation it
must be held in place by the ligaments. Although the
ligaments can sustain these loads for short periods
of time, if the pelvic floor muscles do not close the
pelvic floor then the connective tissue must carry
this load for long periods of time and will eventually
fail to hold the vagina in place.

This support of the uterus has been likened to a
ship in its berth floating on the water attached by
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ropes on either side to a dock (PARAMORE 1918). The
ship is analogous to the uterus, the ropes to the liga-
ments, and the water to the supportive layer formed
by the pelvic floor muscles. The ropes function to
hold the ship (uterus) in the center of its berth as it
rests on the water (pelvic floor muscles). If, however,
the water level were to fall far enough that the ropes
would be required to hold the ship without the sup-
porting water, the ropes would all break. The analo-
gous situation in the pelvic floor involves the pel-
vic floor muscles supporting the uterus and vagina
that are stabilized in position by the ligaments and
fasciae. Once the pelvic floor musculature becomes
damaged and no longer holds the organs in place,
the connective tissue fails.

2.2.8
Perineal Membrane and
External Genital Muscles

In the anterior pelvis, below the levator ani muscles,
is a dense triangularly shaped membrane called the
perineal membrane (urogenital diaphragm). It lies
atthelevel of the hymenal ring, and attaches the ure-
thra, vagina, and perineal body to the ischiopubic
rami (Fig. 2.18). Associated with the upper surface of
the perineal membrane are the compressor urethrae
and urethrovaginal sphincter muscles.

The term perineal membrane replaces the old
term urogenital diaphragm, reflecting more accu-
rate recent anatomical information (OELRICH 1983).
Previous concepts of the urogenital diaphragm

Compressor
Urethrae

Urethrovaginal
Sphincter

Fig. 2.18. Position of the perineal membrane and its as-
sociated components of the striated urogenital sphincter,
the compressor urethra and the urethrovaginal sphincter
(DELANCEY, with permission)

show two fascial layers, with a transversely oriented
muscle in between (the deep transverse perineal
muscle). Observations based on serial histology and
gross dissection, however, reveal a single connec-
tive tissue membrane, with muscle lying immedi-
ately above. The correct anatomy explains the ob-
servation that pressures during a cough are greatest
in the distal urethra (HirToN and STANTON 1983;
CONSTANTINOU 1985) where the compressor urethra
and urethrovaginal sphincter can compress the lu-
men closed in anticipation of a cough (DELANCEY
1986, 1988).

Functional Anatomy of the
Lower Urinary Tract

The inseparable link between structure and func-
tion found in living organisms is one of the common
themes found in biology. The anatomy and clinical
behavior of the lower urinary tract exemplify this
immutable link. The following descriptions are in-
tended to offer a brief overview of some clinically
relevant aspects of lower urinary tract structure
that help us understand the normal and abnormal
behavior of this system. The lower urinary tract can
he divided into the bladder and urethra (Figs. 2.19,
2.20). At the junction of these two continuous, yet
discrete structures, lies the vesical neck. This hybrid
structure represents that part of the lower urinary
tract where the urethral lumen traverses the bladder
wall before becoming surrounded by the urethral
wall. It contains portions of the bladder muscle, and
also elements that continue into the urethra. The
vesical neck is considered separately because of its
functional differentiation from the bladder, and the
urethra.

2.3.1
Bladder

The bladder is a bag-like structure composed of
smooth muscle. It relaxes to receive incoming urine
so that increasing volumes can be stored with no
appreciable increase in intravesical pressure. At a
certain point, determined by multiple physiological
and psychological factors, cerebral inhibition of the
detrusor muscles’ relaxation is released and a reflex
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Fig. 2.19. Cross-section of the mid-urethra modi- plexus Non-keratinisin
fied from HursmMan (1983). From STROHEBEHN and squamous 9
DELANCEY (1997) (Saunders, with permission) epithelium
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Fig. 2.20. Sagittal section of the mid-urethra modified from
Huisman {1983). From STROHBEHN and DELANCEY (1997)
(Sannders, with permission)

voiding contraction initiated. The complex interac-
tions between environmental, societal, personal, and
physiological factors that determines this storage
and periodic release are the subject of active clinical
investigation in the field of urinary incontinence as
it relates to the clinical problem of detrusor instabil-
ity. From a structural standpoint, however, this has
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plexus

Submugcosal
vaginal smooth
musculofascial
faysr

YVaginal wall

not been a particularly active area of investigation
other than some studies noting the relationship be-
tween bladder wall thickness and voiding dysfunc-
tion. Bladder diverticula which can extend between
fascicles of the interlacing detrusor muscles do have
clinical importance and are easily documented ei-
ther radiographically or cystoscopically.
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2.3.1.1
Vesical Neck

The term “vesical neck” is both a regional and a
functional one as previously discussed. It does not
refer to a single anatomical entity. It denotes that
area at the base of the bladder where the urethral
lumen passes through the thickened musculature
of the bladder base. Therefore, it is sometimes con-
sidered as part of the bladder musculature, but also
contains the urethral lumen studied during urethral
pressure profilometry. It is a region where the detru-
sor musculature, including the detrusor loop, sur-
rounds the trigonal ring and the urethral meatus
(GIL VERNET 1968).

The vesical neck has come to be considered sepa-
rately from the bladder and urethra because it has
unique functional characteristics. Specifically, sym-
pathetic denervation or damage of this area results
in its remaining open at rest (MCGUIRE 1986) and
when this happens in association with stress incon-
tinence, simple urethral suspension is often ineffec-
tive in curing the problem (McGUIRE 1981).

2.3.2
Urethra

The urethra holds urine in the bladder and is there-
fore an important structure that helps determine
urinary continence. It is a complex tubular viscus
extending below the bladder. In its upper third it
is clearly separable from the adjacent vagina, but
its lower portion is fused with the wall of the lat-
ter structure. Embedded within its substance are
a number of elements that are important to lower
urinary tract dysfunction (HuisMAN 1983).

2.3.2.1
Striated Urogenital Sphincter

The striated urogenital sphincter muscle encircles
the urethra in its mid portion. Distally under the
arch of the pubic bone, these fibers diverge to insert
into the walls of the vagina and the perineal mem-
brane (compressor urethrae and urethrovaginal
sphincter) (Fig. 2.18). This muscle is responsible for
increasing intraurethral pressure during times of
need and also contributes about a third of the rest-
ing tone of the urethra. Its composition primarily
of slow-twitch fatigue-resistant muscle fibers belies
its constant activity.

2.3.2.2
Urethral Smooth Muscle

There are two layers of the urethral smooth muscle,
an outer circular layer and an inner longitudinal
layer. The circular fibers contribute to urethral con-
striction and smooth muscle blockade reduces rest-
ing urethral closure pressure by about a third. The
function of the longitudinal muscle is not entirely
understood. There is considerably more longitudi-
nal muscle than circular muscle and the reasons for
this are yet to be determined.

2.3.2.3
Submucosal Vasculature

There is a remarkably prominent submucosal vas-
culature which is far more extensive than one would
expect for such a small organ. This is probably re-
sponsible in part for the hermetic seal that main-
tains mucosal closure. Occlusion of arterial flow into
this area decreases resting urethral closure pressure
and so these vessels are felt to participate in closure
function.

2.3.2.4
Glands

A series of glands are found in the submucosa primar-
ily along the dorsal (vaginal) surface of the urethra
(HUFFMAN 1948). They are most concentrated in the
lower and middle thirds, and vary in number. The
location of urethral diverticula, which are derived
from cystic dilation of these glands, follows this dis-
tribution being most common distally, and usually
originating along the dorsal surface of the urethra. In
addition, their origin within the submucosa indicates
that the fascia of the urethra must be stretched and
attenuated over their surface, and indicates the need
for its approximation after diverticular excision.
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Introduction

Striated muscle, including pelvic floor muscle (PFM)
activity, is totally controlled by the nervous system.
Although PFM are striated muscles and share many
similarities with other striated muscles, they nev-
ertheless differ in their control mechanisms from
both limb and axial muscles, as they do not di-
rectly participate in interaction with the mechanical
tasks in the external world, but rather participate in
“visceral” activity.
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PFM are involved in “sacral functions™ functions
oflower the urinary tract (LUT), the anorectum, and
the sexual organs. Thus, as neural control of pelvic
organs is affected by a unique co-ordination of so-
matic and autonomic motor nervous systems, this
duality is reflected in the specific neural control of
PFM.

Sensorimotor innervation and the neural control
of PFM, as well as their involvement in sacral func-
tions, are presented in this chapter. Changes in PEM
with ageing and due to lesions of innervation and
neural control are discussed and are related to sacral
dysfunction. As both PFM and striated sphincter
muscles are involved in visceral activity and are
controlled by the lower sacral segments, both will
be discussed; differences will be pointed out.

Innervation and Neural Control

The terms “innervation” and “neural control” are
proposed to be two different and useful concepts
in discussing the neurobiology of body organs
and understanding the clinical issues related to
their neuroanatomy and neurophysiology. “Inner-
vation” means straightforward anatomical data.
These are particularly relevant to surgical dissec-
tion. Anatomical data are of course the basis for
discerning connectivity in the central nervous sys-
tem and in the peripheral neuromuscular system.
“Neural control” implies the physiological activity
of the underlying anatomical connections. Thus,
functional neural control is not same as integrity of
anatomy. To study neural control, methods provid-
ing neuroanatomical data are not sufficient. Using
the term “neural control” furthermore implies that
a single “anatomical entity” is never functioning
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on its own, but always in concert with “significant
others”. Thus, for instance, it is utterly impossible
to have voluntary or reflex activation of one single
muscle - there is always co-activation of a “primary
mover” and its helpers - to fine tune the action,
to co-ordinate it with the rest of body activity, to
adjust posture, etc.

3.2.1
Somatic Motor System

Muscle - like every tissue - consists of cells (muscle
fibres). But the functional unit within striated mus-
cle is not a single muscle cell, but a motor unit. A
motor unit consists of one alpha (or “lower”) motor
neuron (from the motor nuclei in spinal cord) and
all the muscle fibres this motor neuron innervates.
The motor unit is thus the basic functional unit of
the somatic motor system.

It is important to stress that PFMs (or the “le-
vator ani”) are not one muscle, not in the sense of
anatomical morphology or in the sense of only one
single function for the whole muscle bulk. Indeed,
there are several components to the levator ani. The
specific components are considered in the chapter
on anatomy. Due to their different insertions, the
“mechanical consequences” of contraction of these
individual muscles differ. They do, however, act as a
group, and there seems little possibility that physi-
ologically the activation of isolated parts of PFM
would be possible. In normal nulliparae, concomi-
tant bilateral activation of pubococcygeus (pubovis-
ceral) muscle is the rule (DEINDL et al. 1993). The
possibility of unilateral activation (or of activation
of only one part of PFM) in some highly self-trained
individuals performing circus feats with PFM and
anal sphincters has not really been investigated.

Spinal motor neurons for an individual muscle in
the anterior horn of the spinal cord are, as a rule,
grouped together. The individual parts of PFM seem
to be no exception. For the levator ani group of mus-
cles, the motor nuclei are in segments S3-S5, ven-
tromedially in the anterior horn of the spinal cord
grey matter; there is some overlap between them
(BARBER et al. 2002). The PFM nuclei have been
less researched than the dorsolatelly located group
of motor neurons innervating the striated external
urethral and anal sphincters called the Onuf’s nu-
cleus (MANNEN et al. 1982), situated in humans in
the S2-S3 and occasionally SI segment (SCHRODER
1985). In squirrel monkeys, the levator ani muscle

spinal cord nucleus is also quite separate from the
striated sphincter (Onuf) nucleus. Interestingly,
some contacts (dendritic processes?) from the leva-
tor ani nucleus seem to reach Onuf’s nucleus. This
was argued to be one of the possible substrates for
close interaction of both muscles in visceral func-
tions (PIERCE et al. 2005). It has been demonstrated
in animal spinal cords that the dendritic processes
from PFM motor neurons have a U shape and reach
the bladder nucleus on one hand, and other somatic
muscles in same segments on the other, thus form-
ing a substrate for coordination of somatic and vis-
ceral function (PIERCE et al. 2005).

Sphincter motor neurons are uniform and smaller
than other alpha motor neurons. They have high
concentrations of aminoacid-, neuropeptide-, nor-
ephinephrin-, serotonin- and dopamin-containing
terminals, which represent the substrate for the dis-
tinctive neuropharmacologic responses of these neu-
rons, which differ from those of limb muscles, the
pelvic floor muscles and the bladder. The axons from
thesesacralalphamotor neuronsleave the spinal cord
as ventral radices and combine with dorsal radices
to constitute spinal nerves. After passing through to
the intravertebral foramen, the spinal nerve divides
into a dorsal ramus and a ventral ramus (BANNISTER
1995). The particular ventral rami from sacral seg-
ments form the “sacral plexus”. The pudendal nerve
is usually described as originating from S2-4 roots,
but may have some contribution from the S1 root,
and possibly little or no contribution from the S4 root
(MARANT et al. 1993). It has been well documented
that the main innervation for the PFM is through di-
rect branches from the sacral plexus (S3 and/or S4),
or the levator ani nerve, rather than by branches of
the pudendal nerve “from below” (WALLNER et al.
2006) (Fig.3.1). The levator ani nerve approaches
PFM from their visceral side; interestingly, near the
ischial spine it lies so close to the pudendal nerve (ly-
ing below the levator ani) that the distance measures
only 6 mm (and the distance between the levator ani
nerve and the site of entry of the needle for the pu-
dendal blockade only 5 mm; WALLNER et al. 2006). It
can be argued that this closeness of both nerves was
the reason for some of the claims of pudendal nerve
innervating PFM (relying on indirect evidence); the
closeness of both nerves means furthermore they are
vulnerable to same trauma.

The pudendal nerve anatomically continues
through the greater sciatic foramen and enters in a
lateral direction through the lesser sciatic foramen
into the ischiorectal fossa on the medial surface of




Pelvic Floor Muscles-Innervation, Denervation and Ageing

47

Fig. 3.1. The pudendal nerve (PN) is
derived from dorsal and ventral rami

of roots [(SI), S2, S3, (S4)]. The same
rami (particularly $3 and $4) contrib- |
ute to the levator ani nerve (LAN) for | \
the musculus levator ani (MLA). This |
muscle is thus as a rule innervated by | \
direct branches from the sacral plexus

“from above”. The pudendal nerve “ex-
its” the pelvis through the greater sci-
atic foramen and “enters” in a lateral \
direction into the ischiorectal fossa. )
Its muscular branches innervate the {

external anal sphincter (EAS) and the
external urethral sphincter (EUS). Its
sensory branch(es) innervate the peri-
neal skin; its final sensory branch is
the nervus dorsalis clitoridis (penis) |

the internal obturator muscle (Alcock’s canal). In
the posterior part of the Alcock’s canal, the puden-
dal nerve gives off the inferior rectal nerve, then
it branches into the perineal nerve and the dorsal
nerve of the penis/clitoris. The pudendal nerve sup-
plies the striated anal and urethral sphincters.

The issue of (a)symmetry in striated sphincter
innervation recently demonstrated by electrophysi-
ological testing has been suggested to be a risk factor
for incontinence when associated with childbirth-
related sphincter injury (WIETEK et al. 2007).

Most direct descending (efferent) connections to
PFM and Onuf’s nuclei are from the brainstem (ra-
phe, ambiguous nuclei) and from the paraventricu-
lar hypothalamus. PET studies revealed activation
of the (right) ventral pontine tegmentum (in the
brainstem) during holding of urine in human sub-
jects (BLok et al. 1997). This finding is consistent
with the location of the “L region” in cats, proposed
to control PFM nuclei.

PFM nuclei furthermore receive descending cor-
ticospinal input from the cerebral cortex. PET stud-
ies have revealed activation of the superomedial
precentral gyrus during voluntary PFM contrac-
tions and of the right anterior cingulate gyrus dur-
ing sustained pelvic floor muscle straining (BLok
et al. 1997). PFM and striated perineal muscle con-
traction can be obtained by electrical or magnetic
transcranial stimulation of the motor cortex in man
(VoDpUSEK 1996; BRosToMm 2003).

EAS
‘ MLA

3.2.2
Sensory Control

Because PFM function is intimately connected to
pelvic organ function, it is proposed that all sen-
sory information from the pelvic region is relevant
for PFM neural control. The sensory innervation of
the pelvic region follows general principles. Primary
sensory neurons - conveying information from the
different type of receptors — are bipolar. Their cell
bodies are in spinal ganglia. They send a long pro-
cess to the periphery and a central process into
the spinal cord where it terminates segmentally or
- after branching for reflex connections - ascends
in some cases as far as the brainstem (BANNISTER
1995). The afferent pathways from the anogenital
region and pelvic region are divided into somatic
and visceral components.

The visceral afferents accompany both parasym-
pathetic and sympathetic efferents and also course
through the pudendal nerves. The spinal pathways
that transmit sensory information from the visceral
afferent terminations in the spinal cord to more ros-
tral structures can be found in the dorsal, lateral and
ventral spinal cord columns. Information from peri-
neal skin involves sexual sensation. In human spinal
cord the pathway transmitting this information is
situated superficially just ventral to the equator of
the cord (within the spinothalamic tract) (TORRENS
and MORRISON 1987).
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Somatic afferents derive from touch, pain and
thermal receptors in perineal skin and mucosa.
They constitute an important group of afferent fi-
bres in the pudendal nerve and enter the spinal cord
via dorsal roots S2 and S3, but with some contribu-
tion from S1 as well. Interestingly, much asymmetry
has been seen in individual subjects (DELETIS et al.
1992; HUANG et al. 1997). The terminals of the pu-
dendal nerve afferents in the dorsal horn of the spi-
nal cord are found ipsilaterally, but also bilaterally,
with ipsilateral predominance (UEyaMma et al. 1984).
Information concerning pain sensations from peri-
neal skin is transmitted by the lateral columns of the
spinal cord. Sensory fibres from proprioceptors in
the PFM are within the levator ani nerve and some
direct somatic branches of the sacral plexus. The
different groups of afferents have different reflex
connections within the spinal cord and transmit at
least to some extent different afferent information.

3.2.3
Sensory-Motor Integration in PFM Control

Proprioceptive afferent nerves arise particularly
from muscle spindles; these are present in PFM, but
most probably not in striated sphincters. Golgi ten-
don organs are only present in muscles with tendons.
The proprioceptive afferents form synaptic contacts
in the spinal cord and have collaterals (“primary af-
ferent collaterals”) that run ipsilaterally in the dor-
sal spinal columns to synapse in the gracilis (dor-
sal column) nuclei in the brainstem. This pathway
transmits information about innocuous sensations
from the pelvic floor muscles, such as propriocep-
tion from PFM adjacent to the rectum that probably
contributes to sensation of rectal fullness.
Proprioceptors regulate the “basic motor con-
trol” of a particular muscle, but also provide the
sensation of proprioception (“muscle awareness”).
Proprioception is otherwise particularly important
for sensing limb position (stationary propriocep-
tion) and limb movement (kinaesthetic propriocep-
tion). It relies on special mechanoreceptors in mus-
cle tendons and joint capsules. In muscles there are
specialised stretch receptors - muscle spindles, and
in tendons there are Golgi tendon organs that sense
the contractile force. Proprioceptive information is
crucial for striated muscle motor control both in the
“learning” phase of a certain movement and for later
execution of learned motor behaviours. Propriocep-
tive information is influenced not only by the cur-

rent state of the muscle, but also by the efferent dis-
charge the muscle spindles receive from the nervous
system via gamma efferents. In order to know about
the state of a muscle, the brain must take into ac-
count these efferent discharges and make compari-
sons between the signals it sends out to the muscle
spindles along the gamma efferents and the affer-
ent signals it receives from the primary afferents.
Essentially, the brain compares the signal from the
muscle spindles with the copy of its motor command
(the ‘corollary discharge’ or ‘efferents copy’) that
was sent to the muscle spindle intrafusal muscles
by the central nervous system via gamma efferents.
The differences between the two signals are used in
deciding on the state of the muscle (TORRENS and
MORRISON 1987).

In addition, stretch-sensitive receptors signalling
“position” information are also in the perineal skin.
This cutaneous proprioception is particularly im-
portant for control of movements of muscles with-
out bony attachment (lips, anal sphincter).

The functional status of a certain movement is
represented in the brain by the afferent input just
described. Muscle awareness reflects the amount of
sensory information from various inputs (of which
usually we are not “conscious”). Typically, feedback
awareness on limb muscle function (acting at joints)
is derived not only from muscle spindles and tendon
receptors, but also from the skin sensation, from vi-
sual input, etc. The concept of the “awareness” thus
in fact overlaps with the ability to voluntarily change
the state of a muscle, as we have to have the appro-
priate brain “conceptualisation” of the particular
movement before we execute it. This “concept” of
a particular movement evolves through repeatedly
(and appropriately) executed movements, probably
resulting in facilitation of particular cortical motor
areas (GUNNARSSON et al. 1999).

In contrast to limb muscles, the pelvic floor
muscles (and sphincters) lack several of the typi-
cal sensory input mechanisms we have described,
and hence the brain is not “well informed” on their
status. Additionally, there may be a gender differ-
ence, inasmuch as pelvic floor muscle awareness in
females seems to be in general less as compared to
males. (The author concludes this on the basis oflong
personal experience with PFM EMG in both genders;
there seems to be no formal study on PEM activation
patterns in man apart from ejaculation). Healthy
males have no difficulties in voluntarily contract-
ing the pelvic floor, but up to 30% of healthy women
cannot do it readily on command. (cf. Fig. 3.2). The
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Fig. 3.2a-c. Kinesiological EMG (with a
concentric needle electrode) recordings
from levator ani muscle (in a 43-year-old
continent neurologically healthy female):
a ongoing activity of motor unit poten-
tials during complete relaxation (“tonic”
activity); b recruitment of motor units
on reflex manoeuvre (activation during
cough); ¢ recruitment of motor units on
command to contract (voluntary activa-
tion). Note that the voluntary activation
cannot recruit the same number of motor
units as coughing!

Rest

Maximal voluntary contraction

need for “squeezing out” the urethra at the end of
voiding and the close relationship of penile erection
and ejaculation to PFM contractions may be the ori-
gin of this gender difference.

3.2.4
Neural Control Manifesting as
PFM Activity Patterns

Neural controlmechanisms canbe conceptualized to
“produce” particular “muscle behaviour patterns”,
which can be observed by different recording tech-
niques, particularly EMG. The activity patterns of
PFM (within the overall behaviour of the individual)
thus “serve” their function(s); these are probably not
only the co-operation of PFM in sacral functions
(see below), but also postural (POOL-GOUDZWAART
et al. 2004).

Most EMG studies have been performed for the
striated sphincter muscles, which are also routinely
examined during urodynamic testing. At rest, the
striated sphincter muscles demonstrate continuous
motor unit activity that persists even when subjects
fall asleep during the examination (CHANTRAINE

1973). This spontaneous activity of muscle may be
called tonic and depends on prolonged activation of
certain motor units (VODUSEK 1982, 1994). As a rule
tonic motor unit activity increases with bladder fill-
ing, and indeed any reflex or voluntary activation is
mirrored firstin an increase of the firing frequency of
the “tonic” motor units. With any activity (e.g. cough-
ing), and only for a limited length of time, new mo-
tor units are recruited. These may be called “phasic”
motor units. As a rule, they have potentials of higher
amplitudes, and their discharge rates are higher and
irregular. A small percentage of motor units with an
“Intermediate” activation pattern can also be encoun-
tered (VODUSEK 1982, 1994). It has to be stressed that
the above typing of motor units is electrophysiologi-
cal, and no direct correlation to histochemical typing
of muscles has so far been achieved.

Tonic motor unit activity is as a rule not seen
in the resting bulbocavernosus muscle (VoDUSEK
1982). However, spontaneous motor unit activity is
encountered in most (but not all) detection sites for
the levator ani muscle (VopuSExk 1982; DEINDL et al.
1993). In the pubococcygeus (pubovisceral) muscle
of the normal female, there is some increase of activ-
ity during bladder filling.
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On voiding, inhibition of the tonic activity of the
external urethral sphincter - and also PFM -1leads to
relaxation. This can be detected as a disappearance
of all EMG activity that precedes detrusor contrac-
tion. Similarly, the striated anal sphincter relaxes
with defecation and also micturition (READ 1990).

Interestingly, the pubovisceral muscle (in nul-
liparous healthy women) seems to be “behaving”
differently in its different parts (different insertion
sites of the recording electrode, which have, how-
ever, not been visually monitored to ascertain the
finer anatomical location within the pubovisceral
muscle). In most insertion sites, the pubovisceral
muscle demonstrates ongoing motor unit activity
at rest (Fig. 3.2a). This activity may be formed in
a crescendo-decrescendo pattern (DEINDL et al.
1993). The crescendo-decrescendo pattern may be
the expression of constant (“tonic”) reflex input
parallel to the breathing pattern, which has been
also demonstrated by HopGEes et al. (2007). The
phasic patternreveals no “spontaneous” motor unit
activity during rest and is characterised by brisk
motor unit activation during voluntary contraction
or coughing (probably related to fast-twitch motor
unit activation). It is interesting to speculate that
these different behaviour patterns as recorded by
EMG in different parts of the pubovisceral muscle
relate to areas of relative prevalence of either slow-
or fast-twitch motor units. It is known that there
is histomorphological diversity of the levator ani,
which consists of type-I (slow-twitch) and type-II
(fast-twitch) muscle fibres, but in different propor-
tions in different parts of the muscle (CRITCHLEY
et al. 1980). It is interesting to speculate that within
the apparent necessity of overall activation of PEM
(due to the simple innervation by one nerve on each
side), the neural control of PFM allows for the dif-
ferent anatomical divisions of the muscle to have
differently fine-tuned “functions” on account of
different thresholds of activation for different mo-
tor nuclei of the different muscle parts.

The human urethral and anal striated sphincters
seem to have no muscle spindles; their reflex reactiv-
ity is thus intrinsically different from the levator ani
muscle complex, in which muscle spindles and Golgi
tendon organs have been demonstrated (BorGHI et
al. 1991). Thus, PFMs have the intrinsic propriocep-
tive “servo-mechanism” for adjusting muscle length
and tension, while the sphincter muscles depend
on afferents from skin and mucosa. Both muscle
groups are integrated in reflex activity that incorpo-
rates pelvic organ function.

The reflex activity of PFM is clinically and elec-
trophysiologically evaluated by eliciting the “cough
reflex” (Fig. 3.2¢); this is not exactly a “reflex of
PFM”, but a co-activation of several muscle groups
activated during coughing as a co-ordinated group.
PFM are to some extent activated by mechanical and
noxius stimuli that are known to elicit the bulbo-
cavernosus and anal reflex, respectively, although
this is to a lesser degree than perineal muscles. The
bulbocavernosus reflex is evoked on non-painful
mechanical stimulation of the glans (or - electri-
cally - the dorsal penile/clitoral nerve) (VoDUSEK
2002a). It is a complex electromyographic response,
and its first component is thought to be an oligosyn-
aptic and the latter component a polysynaptic reflex
(Vopu$ek and JaNko 1990). The (polysynaptic) anal
reflex is elicited by painful (pinprick) stimulation in
the perianal region.

The constant tonic activity of sphincter muscles
is thought to be the result of “low-threshold” mo-
tor neurons and the constant (afferent) “inputs” ei-
ther of reflex segmental or of suprasegmental origin.
This constant activity is supported (or affected?) by
cutaneous stimuli, by pelvic organ distension and by
intra-abdominal pressure changes. Sudden increases
in abdominal pressure as a rule lead to brisk PFM
(reflex) activity, which has been called the “guarding
reflex”. It is organised at the spinal level, but the latter
seems to be less important in various physiological
manoeuvres as usually implied. It needs to be consid-
ered that “sudden increases in intra-abdominal pres-
sure”, if caused by an intrinsically driven manoeuvre
(i.e. coughing, movement), include feed forward ac-
tivation of PFM as part of the complex muscle acti-
vation pattern integrated by neural control networks
and not simple “reflex responses” to some stimulus
(Fig. 3.2¢, normal recruitment of additional motor
units during coughing). PFM and striated sphincter
co-activation in advance arm movement has been de-
scribed (HoDGEs et al. 2007), and the role of PFM in
postural adjustments stressed. Their activation (also
during quiet breathing) was more related to other
muscle activity (for instance, abdominal muscles)
than to increases of abdominal pressure. The ob-
served PFM activation in the normal subject (as for
instance during coughing) is thus a co-activation or
possibly a compound of “feed-forward” and “reflex”
activation of several muscle groups.

Another common stimulus leading an increase in
PFM activity is pain. The typical phasic reflex response
to a nociceptive stimulus is the anal reflex. It is com-
monly assumed that prolonged pain in pelvic organs is
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accompanied by an increase in the “reflex” PFM activ-
ity, which would indeed be manifested as “anincreased
tonic motor unit activity”. This has so far not been for-
mally studied. Whether such chronic PFM overactiv-
ity might itself generate a chronic pain state and even
other dysfunctions may be a tempting hypothesis, but
has not yet been explicitly demonstrated.

To correspond with their functional (effector) role
as pelvic organ “supporters” (e.g. during coughing,
sneezing), “sphincters” for the lower urinary tract
(LUT) and anorectum, and as an effector in the
sexual arousal response, orgasm and ejaculation,
PFMs are also involved in very complex involuntary
(“reflex”) activity that co-ordinates behaviour of
pelvic organs (smooth muscle) and several differ-
ent groups of striated muscles. This activity is to be
understood as originating from so-called “pattern
generators” within the central nervous system, par-
ticularly the brainstem. These pattern generators
(“reflex centres”) are genetically inbuilt. Indeed,
PFMs seem to be controlled by several integrated
- and coordinated - neural networks.

Skilled movement of distal limb muscles requires
individual motor units to be activated in a highly
controlled manner by the primary motor cortex. By
contrast, activation of axial muscles (necessary to
maintain posture, etc.) - while also under voluntary
control - depends particularly on vestibular nuclei
and reticular formation to create predetermined
“motor patterns”. Similarities of PFM to axial mus-
cles can be proposed as regards their neural control.
This control can be best conceptualized asbeing part
of the “emotional” motor system (HOLSTEGE 1998).
Without doubt it is possible to voluntarily activate
(Fig. 3.2b) or inhibit the firing of PFM and striated
sphincter motor units (SUNDIN and PETERSEN 1975;
VoDUSEK 1994) (although it is also true that a high
percentage of normal women - without an “upper
neuron lesion” - have difficulties in doing this).

Neural Control of Sacral Functions

PFM neural control mechanisms particularly serve
the co-ordination of striated muscles with sacral
functions (LUT; anorectal, and sexual). PEM and
sphincters need to be controlled “within” a partic-
ular function (for instance, with bladder activity);
single functions need to be neurally co-ordinated

with each other (for instance, voiding and defeca-
tion; voiding and erection).

Activation of pelvic-floor and sphincter lower mo-
tor neuronsis thus coordinated differently from other
groups of motor neurons. In contrast to the reciprocal
innervation that is common in limb muscles, the neu-
rons innervating each side of the PFM have to work in
harmony and synchronously. Indeed, sphincters may
be morphologically considered to constitute “one”
muscle - which is innervated by two nerves (left and
right)! By concomitant activity PFMs act as the “clo-
sure unit” of the excretory tracts, the “support unit”
for pelvic viscera and an “effector unit” in the sexual
response. In general, muscles involved in the above
functions from both sides of the body act as “one
muscle”: this has been demonstrated for pubococ-
cygei muscles, but has not really been documented
for the whole group of PFM and sphincters (DEINDL
etal. 1993). However, as each muscle in the pelvis has
its own unilateral peripheral innervation, dissoci-
ated activation patterns are possible and have been
reported between the two pubococcygei (DEINDL et
al. 1994) and between the levator ani and the urethral
sphincter (KENTON and BRUBAKER 2002).

The differences in the evolutionary origin of
the sphincter muscles and levator ani furthermore
imply that unilateral activation may be less of an
impossibility for the pelvic-floor muscles than for
sphincters. It is clear, however, that the coordination
between individual PFM can definitively suffer due
to deranged neural control.

The sacral function neural control system is pro-
posed to be a part of the “emotional motor system”.
This is a system derived from brain or brainstem
structures belonging to the limbic system. It consists
of the medial and a lateral component (HOLSTEGE
1998). The first represents diffuse pathways origi-
nating in the caudal brainstem and terminating on
(almost all) spinal grey matter, using serotonin as
its neurotransmitter. This system is proposed to “set
the threshold” for overall changes in muscle activity,
such as, for instance, in muscle tone under different
physiological conditions (sleeping, etc.).

The lateral component of the emotional motor
system consists of discreet areas in the hemispheres
and the brainstem responsible for specific motor ac-
tivities, such as micturition and mating. The path-
ways belonging to the lateral system use spinal pre-
motor interneurons to influence motor neurons in
somatic and autonomic spinal nuclei, thus allowing
for confluent interactions of various inputs to mod-
ify the motor neuron activity.
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3.3.1
Lower Urinary Tract Function and PFM

At rest urinary continence is assured by a compe-
tent sphincteric mechanism (including striated and
smooth muscle sphincter, with PFM support) and an
adequate bladder storage function. The kinesiologi-
cal sphincter and PFM EMG recordings in normal
individuals show continuous activity of motor units
at rest (as defined by continuous firing of motor unit
potentials), which increases with increasing bladder
fullness. Reflexes mediating excitatory outflow to
the sphincters are organised at the spinal level (the
guarding reflex). The L region in the brainstem has
also been called the “storage centre” (BLok et al.
1997). This area was active in PET studies of those
volunteers who could not void, but contracted their
PFM. The L region is thought to exert a continuous
exciting effect on the Onuf’s nucleus and thereby
on the striated urinary sphincter during the storage
phase; in humans it is probably part of a complex
set of “nerve impulse pattern generators” for differ-
ent coordinated motor activities, such as breathing,
coughing, straining, etc.

During physical stress (e.g. coughing, sneezing),
the baseline activity of the urethral and anal sphincter
may not be sufficient to assure continence when the
pressures arising in the abdominal cavity and hence
within the bladder and lower rectum exceed these
“resting” levels. Activation of the pelvic floor muscles
is mandatory and may be perceived as occurring in
two steps by two different activation processes:

Coughing and sneezing are thought to be gen-
erated by individual pattern generators within the
brainstem, and thus activation of PFM is a preset
co-activation - and not primarily a “reflex” reaction
that occursin response to increased abdominal pres-
sure. Pelvic floor muscle activation hasto be seenasa
part of different pre-programmed movements. This
can be thought of as a component of the anticipatory
postural activity and respiratory activity (HoDGES
etal. 2007). In addition, there might be an additional
reflex PFM response (due to distension of muscle
spindles within pelvic floor muscles caused by a re-
sponse to the increase in abdominal pressure). The
PFM can, of course, also be voluntarily activated an-
ticipating an increase in abdominal pressure. Such
timed voluntary activity may be taught and learned
as treatment for urinary incontinence (the “Knack
procedure”) (MILLER et al. 1998).

Voluntary micturition is a behaviour pattern that
starts with relaxation of the striated urethral sphinc-

ter and PFM. Areas rostral to the brainstem (the hy-
pothalamus and other parts of the brain including
the frontal cortex) are responsible for the timing of
micturition. The pontine micturition centre co-or-
dinates the activity of motor neurons of the urinary
bladder and the urethral sphincter (both nuclei lo-
cated in the sacral spinal cord), receiving afferent in-
put via the peri-aqueductal grey. The central control
of lower urinary tract function is organised as an
on-off switching circuit (or a set of circuits, rather)
that maintains a reciprocal relationship between the
urinary bladder and urethral outlet.

Without the pontine micturition centre and its
spinal connections, co-ordinated bladder/sphincter
activity is not possible. Thus, patients with such le-
sions demonstrate bladder sphincter disco-ordina-
tion (dyssynergia). Patients with lesions above the
pons do not show detrusor-sphincter dyssynergia.
They suffer from urge incontinence (due to bladder
overactivity), demonstrate non-inhibited sphincter
relaxation and have an inability to delay voiding to
an appropriate place and time.

Voluntary PFM contraction during voiding can
lead to a stop of micturition, probably because of
collateral connections to detrusor control nuclei.
Descending inhibitory pathways for the detrusor
have been demonstrated (DE GROAT et al. 2001).
Bladder contractions are also inhibited by reflexes,
activated by afferent input from PFM, perineal skin
and the anorectum (SATo et al. 2000).

3.3.2
Anorectal Function and PFM

Faeces stored in the colon are transported past
the rectosigmoid into the normally empty rectum,
which can store up to 300 ml of contents. Rectal
distension causes regular contractions of the rectal
wall, which is affected by the intrinsic nervous (my-
enteric) plexus, and prompts the desire to defecate
(BARTOLO et al. 2002). Stool entering the rectum is
detected by stretch receptors in the rectal wall and
PEM; their discharge leads to the sensation of a need
to evacuate the rectum. It starts as an intermittent
sensation that becomes more and more constant.
Contraction of PFM may interrupt the process,
probably by concomitant inhibitory influences to
the defecatory neural “pattern generator”, but also
by “mechanical” insistence on sphincter contraction
and the propelling of faeces back to the sigmoid
colon (BARTOLO et al. 2002).
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PFMs are intimately involved in anorectal func-
tion. Apart from the “sensory” role of PFM and the
external anal sphincter function, the puborectalis
muscle is thought to maintain the “anorectal” angle
associated with continence. Defecation requires in-
creased rectal pressure co-ordinated with relaxation
of the anal sphincters and PFM. Pelvic floor relax-
ation allows opening of the anorectal angle and per-
ineal descent. However, observations by EMG and
defecography suggest that the puborectalis may not
always relax during defecation in healthy subjects
(Fucint et al. 2001).

3.3.3
Sexual Behaviour and PFM

Complex postural changes are known for mating be-
haviour in animals, but have not been systematically
studied in humans. PFM are definitely involved in
the sexual response. In males the repetitive activa-
tion during ejaculation is responsible for the expul-
sion of semen from the urethra, particularly by the
bulbocavernosus muscles (PETERSEN et al. 1955),
and orgasm is accompanied by rhythmic contrac-
tions of the PFM/perineal muscles in both sexes.

During other parts of the human sexual response
cycle, it is assumed that, apart from general changes
in muscle tone set by the emotional motor system, it
is the sacral reflex circuitry that governs much of the
PFM activity during the sexual response cycle. The
bulbocavernosus reflex behaviour would allow for
reflex activation of PFM during genital stimulation
(Vopu$ek 2002a). Tonic stimulation of the reflex is
postulated to hinder venous outflow from the penis/
clitoris, thus helping erection. PFM reflex contrac-
tion should conceivably contribute to the achieve-
ment of the “orgasmic platform” (contraction of the
levator ani).

Ageing and PFM Changes

Pelvic floor disorders become more prevalent with
increasing age. Normal ageing in humans is associ-
ated with a progressive decrease in skeletal muscle
mass and strength. By the age of 70 years, the cross-
sectional area of the range of muscles is reduced up
to 30% and muscle strength up to 40%. In addition,

ageing muscles are more susceptible to exercise-
induced muscle damage (CLoSE et al. 2005). This
decline in strength is accompanied by a decrease in
overall striated muscle mass, which falls by 25-30%
by the seventh decade (GRiMBY and SALTIN 1983).
The changes due to ageing are not due to hypomobil-
ity; the atrophy of immobilisation can be reversed
by training even in nonagenarians (FIATARONE et
al. 1990).

It is generally accepted that the age-associated
changes are a result of lower levels of anabolic hor-
mones, oxidative damage, neuromuscular altera-
tions and the general decrease in muscle protein
turnover, but the details are far from elucidated.
Loss of spinal cord motor neurons with age (with the
resulting denervation of motor units) has been dem-
onstrated and suggested as the main mechanism for
losing muscle power and bulk. Denervation of sin-
gle motor units leads to reinnervation (an adjacent
motor neuron - usually a slow-twitch motor neu-
ron - reinnervates at least some of the denervated
muscle fibres); the result is “fibre-type grouping” as
seen under the microscope. Skeletal muscle regen-
erative capacity has been shown to decline with age.
This decline may be associated with a diminishing
number of muscle progenitor (“satellite”) cells and/
or with their declining quality, but the issue is still
open.

Age influences the proportion of muscle fibre
types (which are characterized by their specific my-
osine heavy chain isoforms). A study on the vastus
lateralis muscle demonstrated that between the ages
of 20 and 80 there is about a 50% reduction in the
total fibre number, the loss being faster after the age
of 60. A selective loss of fast-twitch (type-II) fibres
as compared to slow-twitch (type-I) fibres has been
found (LEXELL et al. 1986). Although there are indi-
cations that not all muscles have the same fate, the
major quantitative changes in ageing muscles are
loss of fibres, decrease in size, and fibre-type group-
ing (BRUNNER et al. 2007).

As stated, the main mechanism responsible for
the loss of muscle fibres is loss of whole motor units,
the responsible mechanism thus being neurogenic
(FAULKNER et al. 2007). The relative contribution of
intrinsic (“myogenic”) muscle changes as the un-
derlying mechanism of functional decline in ageing
muscle seems to be unclear, but “myopathic” histo-
morphological changes in muscles of normal indi-
viduals have been reported as rare. With different
methods, the “neuropathic” changes in muscles of
normal subjects have been demonstrated and attrib-
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uted to ageing; particularly often used were electro-
physiological tests (CAMPBELL et al. 1973; TRONTELJ
etal. 1979), but muscle fibre-type grouping (a typical
“neurogenic” marker) was also histomorphologi-
cally demonstrated to increase with age (TOMLIN-
soN and IrRvING 1977). Thus, ageing was suggested
to involve a continuous denervation/reinnervation
process most likely caused by a loss of function of
alpha motor neurons in the spinal cord (LEXELL et
al. 1986).

Age-related functional decline has also been dem-
onstrated for PF and striated sphincter muscles. The
nulliparous female urethral sphincter mechanism is
significantly affected by age. Increasing age was as-
sociated with decreasing maximal urethral closure
pressure;al5-cmH,Odecreaseinpressureperdecade
was found for a cohort of nulliparous women aged
21-70 years (RODRIGUEZ TROWBRIDGE et al. 2007).
Similarly, most studies focussing on anal sphincter
have documented age-related decline, for instance
reduction of anal resting and squeeze pressures in
asymptomatic women between 20 and 75+ years
(Fox et al. 2006). Maximum resting pressure and
maximum squeeze pressure of the anal sphincters
were also significantly reduced with increasing age
in a cohort of healthy women aged 20 to 83 years.
Their results suggested gradual changes throughout
adult life (RYHAMMER et al. 1997). The calculated
mean EMG values of three rapid contractions of the
levator ani (as measured with the vaginal surface
EMG probe) declined significantly with age in a co-
hort of women between 22 and 59 years (AUKEE et al.
2003). Others (RODRIGUEZ TROWBRIDGE et al. 2007),
however, could not demonstrate a change of levator
ani function with increasing age (as measured by
resting vaginal closure force or maximal voluntary
contraction). This paradoxical lack of change of le-
vator function with age was explained by a possible
inability of women to maximally volitionally recruit
the largest levator ani motor neurons at any age.

Apart from a decline in function of PF and stri-
ated sphincter muscles, structural changes were also
found. External anal sphincter thinning with age
has been demonstrated by high-spatial-resolution
endoanal MR imaging (both in women and men; sta-
tistical significance was only reached for men); the
thickness of the longitudinal muscle region signifi-
cantly decreased with age for both genders (Rociu
et al. 2000). The underlying decrease in urethral
sphincter function was found to be the decrease
of the relative volume of striated muscle (without
change in the smooth muscle component) of the

urethra (CARLILE et al. 1988) and in the decrease in
the number and density of urethral striated muscles
with increasing age (PERUCCHINI et al. 2002a,b). In
the latter study, however, the effects of age and par-
ity could not be well differentiated.

The cause of diminishing muscle bulk and fail-
ing function for PFM is generally accepted as being
neurogenic. In a key study by SMITH et al. (1989),
single-fibre EMG changes in the pubococcygeus
muscle were reported as not only due to parity, but
also due to ageing. The results were interpreted as
reflecting denervation and reinnervation. Rectal
sensation also seems to be reduced with age (Fox
et al. 2006). Unfortunately, few histopathological
data focus specifically on ageing PFM. Histological
studies were mostly concerned with consequences of
parity, and if ageing was addressed, the methods fo-
cussed on general structural and functional changes
(mentioned above). The one recent histological study
reported age-related abnormalities in the levator
ani as “myogenic”, and - what is more - reported
absence of neurogenic changes (JuNDT et al. 2005)!
The progressive histological changes in muscle were
attributed to mechanical stress. In a previous study
by the same group, the circumference of levator ani
type-I fibres was reported as significantly larger
in nulliparous women under 40 years of age com-
pared to nulliparae older than 40 years (DIMPEL et
al. 1998). A study in squirrel monkeys also revealed
myogenic changes increased with age; neurogenic
changes were only found in some multiparous mon-
keys (PIERCE et al. 2007).

In an interesting study on a small number of
subjects, LIERSE et al. (1993) have demonstrated
histological data on the developmental changes
in the striated anal sphincter. In foetuses of up to
40 weeks’ gestational age, there was first a predomi-
nance of type-II muscle fibres; this predominance
subsequently diminished. Few-months-old infants
showed a further increase in the proportion of type-I
muscle fibres, which finally began to predominate
(in two 5- and 8-year-old children and in adults up
to 76 years of age). In older subjects (78-81 years
old), the proportion of type-I fibres was again di-
minishing. The authors discussed this peculiarity of
changing proportions of fibre types as an adaptation
of PEM to the gradual change in posture of the infant
towards sitting and standing.

More data on developmental histomorphologi-
cal changes in PF and striated sphincter muscles,
and more studies on ageing subjects, particularly
women who have not had vaginal deliveries, are
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needed. This is particularly necessary as at present
there seems to be a discrepancy of data related to
PFM muscles (myopathic changes being mainly dis-
cussed as the consequence of ageing) and the rest of
striated musculature (denervation being commonly
accepted as the main consequence of ageing).

Although indeed many contributing factors are
relevant for the ageing decline of skeletal muscles,
at present, only exercise is proposed as a valuable
preventive measure. Muscle training results in sig-
nificant functional benefit also in the aged muscle,
but the mechanisms of this protection are not fully
understood (CLOSE et al. 2005).

Vaginal Delivery and Neuromuscular Injury

Muscle activity is so dependent on neural control
that denervated muscle (disconnected from its
“lower motor neuron”) not only stops contracting,
but eventually atrophies and turns into fibrotic tis-
sue. Partial lesions result in weakness. However, due
to additional sensory lesions, the functional con-
sequences seen in individuals may be more com-
plex. Severe and clinically obvious PFM denervation
can result from trauma or disease, but is relatively
uncommon (if compared to the more “trauma ex-
posed” limb muscles). Thus, clinically obvious
PFM denervation results from sacral plexus/nerve
lesions, which are - in this degree - an uncom-
mon complication of vaginal delivery (ISMAEL et al.
2000). Interestingly, it seems that obvious - at least
obvious to imaging methods - mechanical lesions to
PFM are a more common sequel of vaginal delivery
(D1eTZz and LANZARONE 2005).

Disconnection of the normally innervated muscle
from “upper motor neuron” control disrupts inte-
gration of the particular muscle into “suprasegmen-
tally” controlled activity patterns, which are para-
mount for the appropriate “function” of the muscle.
This can result in weakness, change in muscle tone
and particularly in disrupted co-ordination of the
particular muscle within complex body actions/
functions. The “central” motor control of PEM is
not infrequently affected in neurological disease
or trauma involving the spinal cord, brainstem and
brain, but it cannot be a sequel of vaginal delivery.
Any disco-ordination of PFM neural control af-
ter vaginal delivery would have to be explained by

deranged afferent input (sensory denervation) or
a change in the “peripheral conditions” of muscle
(possibly mechanical injury).

The concept that relatively minor (partial) de-
nervation of sphincter and PF muscles occurring at
the time of vaginal delivery is central to discussions
of the pathogenesis of several idiopathic sacral dys-
functions (particularly stress urinary and faecal
incontinence and prolapse). Indeed, many studies
using a variety of techniques have demonstrated
both neurogenic and structural damage to PFM and
sphinctermusclesaftervaginaldelivery(cf. VOoDUSEK
2002b). Muscle weakness has also been shown (VER-
ELST and LEIVSETH 2004). In an animal model, the
degree and duration of pressure and stretching dur-
ing vaginal delivery can exceed thresholds for nerve
and muscle damage (LIN et al. 1998). Older clinical
neurophysiological studies (ALLEN et al. 1990) were
confirmed by modern computer-assisted quantified
EMG analysis; some abnormalities can be found also
in the anal sphincter (PODNAR et al. 2000) and PFM
(WEIDNER et al. 2000). (It is a common experience
that EMG changes after vaginal delivery are more
pronounced in the urethral sphincter.) The concept
of partial denervation due to the trauma of vaginal
childbirth was supported by demonstration of neu-
rogenic histomorphological changes (muscle -type
grouping) in pelvic muscles (KOLBL et al. 1989; GIL-
PIN et al. 1989; DixoN et al. 1994). However, others
have not been able to find neurogenic histomorpho-
logical changes in PFM (HEI1T et al. 1996; DIMPFL
et al. 1998). Nevertheless, there is a wide consensus
on the aetiological significance of denervation in-
jury induced by vaginal delivery inducing impair-
ment of sphincter mechanisms and pelvic organ
support, but considering also other possible (co-
)factors (Bump and CuNDIFF 2000; CHALIHA and
STANTON 2000). Particularly interesting is the fact
that mechanical lesions to PFM are common se-
quelae of vaginal delivery (DELANCEY et al. 2003;
DieTz and LANZARONE 2005). One of the important
pathogenic mechanisms for this injury seems to
be muscle stretch (LIEN et al. 2004). It is interest-
ing to note that tissue stretch was also invoked as
the probable mechanism for nerve damage in com-
bination with nerve compression. The relationship
between the mechanical muscle injury and muscle
denervation might be manifold. The stretch injury
per se might induce a lesion both for muscle fibres
and for intramuscular nerve endings; the mechani-
cal and denervation injury may coexist and mutu-
ally exacerbate the ensuing functional disturbance;
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the mechanical injury - although not accompanied
by a significant denervation - might induce second-
ary dysfunction of neural control of the lesioned
muscle, which has lost the normal mechanical
properties and does not provide the adequate pro-
prioceptive feedback to the central nervous system,
not to mention the possibility that the pubovisceral
muscle is mechanically injured, while the urethral
sphincter (for instance) is denervated, leaving the
woman with no spare continence mechanism. In-
deed, the histomorphological study of JuNDT et al.
(2005) points to myopathic (and not neuropathic!)
changes in the pubococcygeus muscles, increasing
with age and parity, probably reflecting mechanical
stress to the muscle itself. Studies paying attention
to the different possible pathogenic factors in the
same subject, keeping in mind that several muscle
groups need to be studied concomitantly, have yet
to be performed.

The neurogenic damage caused by vaginal deliv-
eryis acknowledged to be, to a large extent, repaired
by regenerative processes, but may then recur in the
long run (SNooks et al. 1990). Repetitive straining at
stool due to constipation has been the main impli-
cated pathogenic mechanism for such chronic pro-
gression of the neuromuscular lesion. Indeed, pro-
longation of PNTML has been demonstrated after 1
min of hard straining (ENGEL and Kamm 1994). Cu-
mulative damage to the pudendal nerve may occur
in severe chronic constipation, although our study
in patients with mild chronic constipation failed to
reveal anal sphincter abnormalities, as compared to
non-constipated controls (PopNAR and VODUSEK
2000).

Physiologically, the relative importance of “sim-
ple” muscle weakness after (partial) denervation
on one hand and the derangement of neural control
(presenting as absence of appropriate, timely and
co-ordinated muscle activation) on the other hand
is unknown. Several aspects of “normal” pelvic floor
muscle behaviour” in nulliparous continent women
have already been described by kinesiological EMG
(DEINDL et al. 1993) and both by kinesiological EMG
and ultrasound (PEScHERS et al. 2001). The latter
study has shown that normal pelvic floor muscles
stabilise the vesical neck and do not fatigue easily.
Changes in muscular behaviour may originate from
minor and repairable neuromuscular pelvic floor
injury. With respect to muscle activation patterns,
parous women with stress urinary incontinence are
subjective to a number of possible changes, such as
significant reduction of duration of motor unit re-

cruitment, unilateral recruitment of reflex response
in the pubococcygeal muscle and paradoxical inhi-
bition of continuous firing of motor units in pelvic
floor muscle activation on coughing (DEINDL et al.
1994). The reasons for such persisting abnormalities
are not clear and are difficult to explain by muscle
denervation (which has been amply studied) alone.
Although not proven in studies, it is reasonable to
assume that motor denervation is accompanied also
by sensory denervation of PEM. Structural lesions of
PFM may contribute to disturbances of muscle acti-
vation patterns through failure of adequate proprio-
ception feedback to muscle contraction.

Conclusion

PFMs are a deep-lying muscle group controlled by
several integrated neural networks, akin to axial
muscles, and under neural control of the emotional
motor system. On the one hand, primarily the neu-
ral control allows for their co-ordinated activity in
sacral functions and supports their as yet not fully
clarified postural role. On the other hand, their vol-
untary control is possibly even more flimsy than for
primarily postural muscles. The neural control of
PFM “supporting function” may also be less robust
due to the fact that upright stance is relatively re-
cent philogenetically. Furthermore, there are fewer
and less diversified sensory data contributing to the
subject’s awareness of her PFM, thus making it more
difficult for her to compensate “automatically” par-
tial loss of function.

Vaginal delivery - as the hopefully normal ac-
tivity for the majority of females also in the human
species — may lead to structural (myogenic, and
neurogenic) changes in PF and striated sphincter
muscles, but also to a secondary disruption of their
activation patterns.

PF and sphincter muscles undergo age-related
morphological changes that are reflected in a grad-
ual loss of their function. It is at this point not clear
to what extent these are different from changes in
other striated muscles. Taken together, the non-ro-
bust/substandard neural control, the muscle changes
due to wear, possible childbirth trauma and ageing
may result in some loss of function, also reflected
in the context of lower urinary tract, anorectal and
possibly even sexual dysfunction. Muscle training is,
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at present, the only commonly accepted preventive
measure to counteract the changes due to ageing.

Insofar as neural control is the primum movens
of PFM, and is to some extent modifiable, focussing
on improving dysfunctional neural control should
be an advantageous target for conservative treat-
ment of any sacral (pelvic organ) disorder that could
be connected to PFM dysfunction.
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Evacuation Proctography

41141
Introduction

Evacuation proctography is a simple radiological
technique that images rectal voiding of a barium
paste enema. Evacuating proctography serves two
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main purposes: It images rectal configuration
throughout all phases of rectal evacuation and also
provides an assessment of whether voiding is nor-
mal or difficult (which usually means prolonged).
Thus, evacuation proctography provides both mor-
phological and functional information.
Radiological studies of rectal evacuation have
been performed for over 50 years (WALLDEN 1952),
but it was the description in 1984 of a relatively
simple technique along with parameters for inter-
pretation that was the impetus for more general
acceptance (MAHIEU et al. 1984). Evacuation proc-
tography is now widely disseminated, even though
it remains predominantly confined to specialist cen-
tres. Although requested most by coloproctological
surgeons, proctography is also useful to both urogy-
naecologists and gastroenterologists. Difficult rectal
evacuation is by far the most common clinical in-
dication for referral. The examination is frequently
termed “defecography”, and other terms are also
occasionally used: videoproctography, cinedefecog-
raphy, and dynamic rectal examination. Whatever
the terminology, it should be remembered that the
findings are based on voluntary rectal evacuation of
a paste and not physiologic defecation of stool. The
latter is accompanied by colonic contraction and
complex coordination of anorectal reflexes, many of
which are absent during proctographic examination.
Because of this, the authors believe that terminology
that implies physiologic defecation is best avoided.

41.1.2
Technique

There are possibly as many different techniques
adopted as there are practitioners (FINLAY 1988).
Opinions differ as to the type of contrast used, its
consistency, the volume instilled, imaging modal-
ity, manoeuvres taken, and the images acquired.
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Furthermore, the basic technique may be modified
so that other pelvic organs are imaged at the same
sitting, the ultimate expression of which is dynamic
cystoproctography (see Sect. 4.1.2). The purpose of
this section is to describe the basic proctographic
technique, which the author feels should be as rapid
and simple as possible.

Assessment of evacuation rate and complete-
ness is an essential part of the examination, and
very possibly the most important part (HALLIGAN
et al. 1995a). Because of this, the author prefers the
rectum to be emptied before proctography, simply
achieved in most subjects by inserting two glycerine
suppositories and asking the patient to visit the lava-
tory after having retained these for approximately
20 min. Alternatively, an enema may be adminis-
tered. The same volume of contrast (the authors
use 120 cc) can then be used in all patients so that
meaningful comparison of the rate and complete-
ness of rectal evacuation can be made with estab-
lished values derived from normal subjects (KaMM
et al. 1989). Furthermore, a consistent standardised
technique means that follow-up studies are compa-
rable when clinically necessary, and comparisons
between patients are possible for research. Alterna-
tively, some investigators omit rectal emptying and
instil contrast until an urge to evacuate is elicited.
It has been suggested that this approach is more
physiological, but, for the reasons described above,
the entire examination is unphysiological irrespec-
tive of the technique used. Furthermore, an initially
empty rectum is more acceptable to staff for obvious
reasons; stool is not voided. It is also possible that
stool may inhibit some findings, such as intussus-
ception.

It is generally accepted that contrast consis-
tency should be approximately the same as faeces.
MAHIEU et al. (1984) used barium suspension mixed
with potato starch. Others have used methylcellu-
lose, and preparations specifically designed for the
purpose are now commercially available. However,
there is good evidence that the consistency of the
contrast used is largely irrelevant (ICKENBERRY et
al. 1996), which is in accord with physiological stud-
ies of constipated patients that suggest evacuation
is disordered regardless of the consistency of rectal
content. Interestingly, large stools are actually easier
to pass than small ones (BANNISTER et al. 1987).

The paste is administered with the patient in the
left-lateral position on the fluoroscopy table. A sim-
ple approach is to fill two plastic bladder syringes
(which have a wide-tipped nozzle) with 60 cc of con-

trast each and then to syringe the contrast directly
into the rectum after lubricating the syringe tip. If
the paste is very viscous, then a caulking gun can be
used instead of a simple hand injection. The syringe
is withdrawn towards the end of injection in order to
mark the anal canal and verge.

The patient then steps off the table, which is then
it is brought upright, and a commode placed on
the footrest. Commercial commodes are available,
although it is a simple task to build one. The com-
mode should be comfortable, and the seat should be
relatively radiolucent. Perspex or wood is commonly
used. The commode also needs to be able to support
a disposable plastic bag to collect voided material
and must also incorporate some filtration under-
neath the seat to balance radiographic exposure and
prevent screen flare, 4 mm of copper plate, for exam-
ple (Fig. 4.1.1). Others have used water-filled rubber
rings or a Perspex sheet. Some commodes incorpo-
rate a radiographic ruler for precise measurements
when felt clinically necessary. Although the more
sensitive seated position is preferable, proctography
canbe performed in the left-lateral position ifa com-
mode is unavailable or if the patient is incontinent

Fig. 4.1.1. The proctography commode placed on the foot-
rest of the upright fluoroscopy table. Note the copper sheet
immediately subadjacent to the seat, in order to balance ra-
diographic contrast
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(Poon et al. 1991), but it should be borne in mind
that static values for pelvic floor position are higher
(JorGE et al. 1994a). It may be helpful to shield the
patient behind a portable screen, especially if the ra-
diographic unit is remotely controlled, so that some
privacy is afforded and embarrassment potentially
avoided.

It is essential to obtain continuous or rapid re-
cording of rectal evacuation, either by spot filming,
cineradiography or videofluoroscopy. Although spot
filming provides the best spatial resolution, the facil-
ity to replay the entire examination at any speed is an
invaluable feature of video; this is also possible with
modern digital systems, which also convey the low-
est dose. Radiation dose has been a major and per-
sistent concern, not least because many patients are
young women in their childbearing years. However,
because high spatial resolution is not a prerequisite
for proctography, low-dose digital algorithms and
added filtration may be applied without any signifi-
cant diagnostic penalty (HARE et al. 2001). Intermit-
tent imaging should also be employed to reduce the
dose in patients whose evacuation is prolonged; there
is no benefit to having multiple, identical images.

41.1.3
Normal Findings

Based on the findings in 56 asymptomatic patients,
MaHIEU defined five criteria for a normal examina-
tion: increased anorectal angulation, obliteration of
the puborectal muscle impression, wide anal canal
opening, total evacuation of contrast, and normal
pelvic floor resistance (MAHIEU et al. 1984). Several
subsequent studies of asymptomatic volunteers have
revealed a wide range of normal values, including
some overlap with pathology, but the general con-
sensus of what is normal agrees broadly with Ma-
hieu’s original description. There have been several
studies of asymptomatic volunteers following Ma-
hieu’s description, with varying degrees of selection
bias, sometimes unavoidable because of perceived
problems with radiation dose. Others have even de-
fined normality retrospectively in constipated pa-
tients who have a ‘normal’ proctogram, which is
completely inappropriate. Probably the best study is
by SHORVON and co-workers (1989) who examined
47 asymptomatic volunteers, most of whom were
under 30 years old. Any proctographic examination
can be considered in three stages: pre-evacuation,
evacuation, and post-evacuation.

4.1.1.3.1
Pre-Evacuation

The patient should be initially imaged in the lateral
position, which provides most information about
anorectal configuration and pelvic floor position,
and from which it is easiest to assess the degree
of rectal emptying; a single lateral image at rest
will suffice (Fig. 4.1.2a). The funnelled junction be-
tween the rectal ampulla and anal canal, the ano-
rectal junction, is easy to appreciate at rest and for
practical purposes defines the anatomical level of
the posterior pelvic floor. The pubococcygeal line
a line drawn between the inferior border of the
symphysis pubis and the sacro-coccygeal junction,
is generally believed to indicate the usual position
of the pelvic floor. However, these bony landmarks
may be difficult to identify with a limited field of
view, and the inferior surface of the ischial tuber-
osities is often used instead. An even simpler ap-
proach is to use the top of the commode seat as a
rough and ready estimate of pelvic floor position.
The anorectal junction should be at or just above
this plane: 0.4 cm above this level for women and
1.6 cm in men (SHORVON et al. 1989). The canal
should also be tightly closed without any contrast
leakage at rest.

The anorectal angle (ARA) is the angle sub-
tended between the anal canal axis and the poste-
rior aspect of the distal rectal ampulla. An alterna-
tive measurement uses the central rectal axis rather
than the posterior rectal wall. The ARA is formed
in part by the puborectalis muscle, which slings
behind the anorectal junction and is thought to be
important in maintaining continence because of
the resultant acute angle formed between the rectal
and anal axis, the ‘flap-valve’ theory of anal con-
tinence (BARTOLO et al. 1986). Indeed, incontinent
patients often have an obtuse ARA, and post-anal
repair, an operation once commonly used to treat
incontinence, aims to restore the ARA. However,
although considerable attention has been devoted
to this measurement, there is little practical evi-
dence that it is worthwhile (especially since anal
endosonography has superseded proctography as
the radiological investigation of choice in inconti-
nent patients); most investigators have abandoned
it, not least because the normal range of values is
very wide and there is considerable overlap with
symptomatic patients (SHORvVON et al. 1989). Nev-
ertheless, as a broad guide the ARA should be ap-
proximately 90° at rest.
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Fig. 4.1.2a-c. Normal evacuating proctogram. Asymptomatic volunteer. a Pre-evacuation phase. Resting rectal position and
configuration are normal. The anal canal is tightly closed, and the anorectal junction is approximately at the level of the seat
top. b Evacuation phase. The anorectal junction has descended, the anal canal has opened widely, and the anorectal angle
has become more obtuse. The rectum empties smoothly and completely within 30 s. ¢ Post-evacuation phase. The rectum is
empty, the anal canal closed, and the anorectal junction has returned to its pre-evacuation position

Before rectal evacuation is attempted, many in-
vestigators advocate additional manoeuvres such as
“squeeze” views to evaluate the strength of voluntary
pelvic floor musculature, “cough” views to stress the
continence mechanism, and “strain” views to assess
pelvic floor descent. Although these seem reason-
able things to do in the first instance, in practical
terms there is little evidence that they discriminate
enough between patients to be clinically useful. Ul-
timately, the authors believe that such manoeuvres
merely add to procedural complexity. It is interest-
ing to note that the ARA may paradoxically increase
during strain manoeuvres in up to 30 per cent of
normal subjects, reflecting pelvic floor contraction
secondary to a desire to remain continent (KELVIN
et al. 1994).

Lastly, when centring the pre-evacuation image it
is important to allow for pelvic floor descent during
subsequent evacuation. This may be considerable
and can result in the rectum being displaced out of
the radiographic field of view.

4.1.1.3.2
Evacuation

After the initial lateral resting view has been ob-
tained, the patient is asked to evacuate their rectum
as rapidly and completely as possible. In normal
volunteers, evacuation is generally initiated quickly,

and a substantial delay is positively associated with
pelvic in-coordination and indicates functional
disorder (HALLIGAN et al. 1995a). Embarrassment
may also cause delay. On evacuation the anorec-
tal junction should descend in response to raised
intraabdominal pressure; failure to descend repre-
sents inadequate effort, which may also be a sign
of functional disorder (HALLIGAN et al. 1995b).
Once initiated, evacuation is rapid and complete
in normal individuals; asymptomatic volunteers
are able to void the majority of a 120-cc contrast
enema within 30 s (Kamm et al. 1989). Prolonged
evacuation usually indicates a functional abnormal-
ity and is occasionally associated with repetitive
jerky pelvic floor movements. Pelvic floor descent
(represented by inferior movement of the anorectal
junction) should normally be no more than approxi-
mately 3.0 cm. The puborectal impression should
flatten, and the ARA should become more obtuse.
The anal canal should shorten and widen to allow
evacuation (Fig. 4.1.2b). Generally, the rectal am-
pulla should empty smoothly and symmetrically,
rather like a tube of toothpaste, although a wide
variety of configurations are possible in normal in-
dividuals (SHORVON et al. 1989). Patients who need
to use digital manoeuvres to aid rectal emptying,
such as applying vaginal or posterior perineal pres-
sure, should be instructed to do so, so that their
effect may be evaluated.
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4.1.1.3.3
Post-Evacuation

The examination generally finishes once evacuation
is complete, or when it is clear that little or no evacu-
ation is likely. After evacuation the anal canal closes,
and the anorectal junction should ascend, returning
to its pre-evacuation resting position (Fig. 4.1.2¢).
The ARA should also return to its pre-evacuation
configuration. The rectum should be empty or
nearly so. Occasionally, when the evacuation phase
has raised the possibility of intussusception pre-
dominantly within the coronal plane (the rectal
valves of Houston are best seen in this plane, for ex-
ample), it may be worthwhile examining this further
with the patient in the frontal position, which is also
the best position to evaluate perineal hernias. The
commode is simply turned around on the footrest
and the subject asked to strain during fluoroscopy;
there is usually enough residual barium to render
the fold configuration visible (MCGEE and BARTRAM
1993). After the examination the collection bag can
be simply lifted from the commode and disposed
of, and the patient can visit the lavatory in order to
void any residual barium and clean him or herself.
The entire room time for the examination should
be approximately 5 min or even less. The authors
believe that evacuation proctography should be a
rapid and simple technique, requiring much less ef-
fort from the staff and patient than a barium enema,
for example.

41.1.3.4
Additional Manoeuvres

Extension of the basic technique of evacuation
proctography is discussed below in Section 4.2,
but, as a routine, the authors administer 100 cc oral
barium suspension (100% weight/volume) diluted
with 200 ml of water to which 10 ml of Gastrogra-
fin has been added. This is administered 30 min
before proctography in order to facilitate diagno-
sis of enterocoeles. An alternative but less sensitive
approach is to use a contrast-soaked gauze swab
placed at the vaginal apex, or vaginal contrast gel;
enterocoeles are then revealed by significant rec-
tovaginal separation. However, tampons should
not be used because of their propensity to splint
the vagina and thus inhibit enterocoele formation
(ARCHER et al. 1992).

4.1.1.3.5
Radiological Report

The radiological report should comment on rectal
configuration at rest, the degree of pelvic floor de-
scent during evacuation, the rate and completeness
of evacuation, and the presence of any associated
structural abnormality, such as a rectocoele, en-
terocoele, etc. In day-to-day clinical practice, for-
mal measurement of various angles and distances is
not required; an understanding of what is broadly
normal and abnormal will suffice and will come
with experience.

41.1.4
Alternative Approaches

It is worth noting that evacuation proctography
can be performed using scintigraphic methods
(HutcHINSON et al. 1993). Although spatial resolu-
tion is relatively poor, impairing diagnosis of in-
tussusception, for example, the technique provides
very accurate assessments of the rate and degree of
rectal emptying compared to conventional fluoro-
scopic methods, and radiation dose may be less than
with some conventional systems. Recognising that
the ability to evacuate is more important than the
rectal configuration adopted to do so, some authors
have employed a radioopaque rectal balloon instead
of contrast (PRESTON et al. 1984), although such an
approach will not reliably diagnose many struc-
tural abnormalities. Indeed, it has frequently been
argued that the imaging component of the examina-
tion can be dispensed with altogether and a balloon
(BARNES and LENNARD-JONES 1985) or fluid used
instead (ALSTRUP et al. 1997). Again, these methods
will miss many morphological abnormalities, the
significance of which remains controversial. Other
investigators have performed proctography follow-
ing intraperitoneal water-soluble contrast medium
injection (HALLIGAN and BARTRAM 1995), but this
has not found general acceptance, possibly because
it has been superceded by MR imaging. The next
section discusses in detail some of the more com-
mon modifications made, whereby the basic procto-
graphic examination is extended to include the mid-
dle and anterior pelvic floor. Ultimately, the level of
information needed by the referring physician will
largely define the radiological approach used.
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Dynamic Cystoproctography

41.21
Introduction

The technique of evacuation proctography described
above allows the practitioner to obtain information
about rectal dynamics and configuration during at-
tempted evacuation of barium paste. Those patients
presenting specifically with disorders of evacuation
are readily assessed by the technique (Chap. 6.1),
which is quick, simple, and usually well tolerated.
Limitations, however, include the relative inability
to provide detailed information about the anterior
and middle pelvic compartments.

Pelvic organ prolapse (a general term referring to
any combination of organ descent, such as bladder,
rectum, uterus, and bowel) is a very common condi-
tion-it is estimated that approximately one in nine
women will ultimately need surgery for prolapse or
stress incontinence (OLSEN et al. 1997), with up to a
third requiring repeated surgery due to recurrence.
Consistent predisposing factors include vaginal de-
livery, advancing age, and increasing body-mass
index, although chronic straining, previous hyster-
ectomy, and abnormal connective tissue are all im-
plicated (JELOVSEK et al. 2007).

It is increasingly recognised that optimal cor-
rective surgery requires a full appreciation of the
dynamics of the whole pelvic floor, rather than
relying on the traditional compartmentalised ap-
proach previously favoured by coloproctologists
and uro-gynaecologists. Women who develop pel-
vic organ prolapse often have several concurrent
symptoms-in a recent review combinations of bulge
symptoms, urinary incontinence, urinary urgency
or frequency, and faecal incontinence were all com-
mon (ELLERKMANN et al. 2001). Physical examina-
tion is relatively successful at assessing pelvic organ
prolapse, and clinical grading systems are well es-
tablished (Bump et al. 1996). However, imaging tech-
niques often reveal abnormalities that remain un-
suspected during physical examination (BRUBAKER
et al. 1993), and it is this that has been the founda-
tion of their success.

A combined global approach to therapy for pelvic
floor weakness is increasingly the norm (Chap. 5.1),
and those imaging techniques providing a multi-
compartmental overview, notably dynamic cysto-
proctography (DCP) and functional MRI (Chap. 4.2),

are of increasing importance. DCP differs from
simple evacuation proctography in that additional
radio-opaque contrast is administrated to allow
visualisation of those pelvic organs predisposed to
abnormal descent and prolapse, notably the bladder,
vagina, and large and small bowel.

4.1.2.2
Technique

DCP essentially extends the basic technique adopted
for evacuation proctography to provide a more com-
plete assessment of the pelvic floor. True DCP as
described by KELVIN and colleagues (1992) involves
opacification of the bladder, vagina, and small bowel,
although others advocate omitting bladder opacifi-
cation (due to its relative invasive nature) and opaci-
fying only the vagina and small bowel (so-called
“extended proctography”).

The timing and order of contrast administration
prior to DCP is dependent on the preferred tech-
nique for the examination itself. A relatively simple
approach is to opacify the bladder, vagina, and rec-
tum concurrently and then to perform a single dy-
namic evacuatory study just as for simple proctog-
raphy. Critics of this approach suggest it ignores the
widely held concept of the “crowded pelvis” in which
prolapsing organs must compete for space in the
relatively small bony pelvic outlet. Thus, it is pos-
tulated that a large cystocoele may for example in-
hibit rectocoele formation (Fig. 4.1.3), and even hide
a significant enterocoele by filling the distal pelvis
and blocking small bowel descent. For this reason a
staged approach to the examination may be prefer-
able as described below, so that as many co-existing
abnormalities as possible may be demonstrated at
one sitting (KELVIN et al. 2000).

As for evacuation proctography, a careful and
considered explanation of the procedure to the pa-
tientis essential. The basic equipment and commode
are as detailed above (Sect. 4.1.2). Around 30 min
prior to the examination proper, the patient is asked
to drink positive oral contrast (e.g., barium suspen-
sion) to delineate the small bowel and so facilitate
diagnosis of enterocoeles. For staged DCP, bladder
filling is undertaken first. Using aseptic technique,
the urinary balder is catheterised and around 50 ml
of iodinated contrast instilled. Large volumes are
usually not required for accurate diagnosis and may
actually cause problems during subsequent bladder
drainage. The patient then sits on the commode and
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Fig. 4.1.3a,b. Cystocoele minimizing size of rectocoele. a Cystoproctogram image taken during evacuation shows a very
large cystocoele (C). The uninterrupted line represents the pubococcygeal line, the dotted line indicates the bladder base,
and the arrowed line therefore indicates the depth of the cystocoele below the pubococcygeal line. There is a rectocoele (R),
but its size is minimised by pressure from the large cystocoele. The arrow indicates the uppermost point of the vagina. b Six
months later, following cystocoele repair, urethral suspension and sacrocolpopexy, the cystoproctogram was repeated. The
cystocoele (C) is much smaller. The rectocoele (R) is now considerably larger as it is no longer compressed by the cystocoele.
Note the elevation of the vaginal apex (arrow) as a result of sacrocolpopexy (reprinted with permission from KELvIN and

MAGLINTE 1997)

resting and maximum strain images acquired to de-
termine the presence of any cystocoele. The bladder
is then drained and the catheter removed.

Opacification of the vagina is then performed
via gentle syringe instillation of contrast (usually
high viscosity barium). Use of a tampon is not rec-
ommended because of their propensity to splint
the vagina and thus inhibit enterocoele formation
(ARCHER et al. 1992). A small square of gauze may
be placed over the introitus if contrast leaks persis-
tently from the vagina (Ho et al. 1999). Finally, rectal
opacification is achieved as described for evacuation
proctography (Sect. 4.1.2).

Following organ opacification, the technique of
DCP essentially mirrors that of simple evacuation
proctography (Sect. 4.1.2). While some workers ad-
vocate the acquisition of resting and maximal con-
traction images prior to evacuation, others omit
these for the reasons explained in sections above
and simply acquire images of the rectal evacuatory
phase. Finally, although not part of the authors’ rou-
tine protocol, a strong argument can be made for al-
lowing the patient to evacuate further in the privacy
of the lavatory and then returning to the fluoroscopy

suite for a final maximum straining image. Disad-
vantages of this final step are the additional time
and staff effort required, but advantages include
additional diagnostic information, for example, the
unmasking of a cystocoele after rectocele emptying
and the ability for the practitioner to assess if any
anismus apparent during filming is actually an ar-
tefact due to embarrassment.

41.2.3
Normal Findings and Definition of Prolapse

Unfortunately, there is no standard adopted across
all imaging modalities used in the assessment of the
pelvic floor to define normality or indeed prolapse.
Most workers, however, now reference dynamic pel-
vic floor movement to the pubococcygeal line, and
this is the authors’ preference. Even this line has
various definitions [inferior border of the symphy-
sis pubis to the sacro-coccygeal junction (KELVIN
et al. 2000), symphysis pubis to the last coccygeal
joint (HEALY et al. 1997), etc.], although practically
speaking such differences have little impact on the
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diagnosis and staging of pelvic organ prolapse. Al-
though easily delineated on MRI, the pubococcy-
geal line is less well seen during fluoroscopic stud-
ies and is sometimes estimated approximately as
corresponding to the inferior surface of the ischial
tuberosities.

The grading of the severity of pelvic organ pro-
lapse has also been simplified by the introduction
of the pubococcygeal line as the point of reference
(Fig. 4.1.3). For example, while the size of an entero-
coele can be graded with reference to the vaginal
apex (KELVIN et al. 1999), use of the static pubococ-
cygeal line rather than a dynamic structure is likely
to be more reliable. The “rule of threes” for grading
prolapse severity is also increasingly used-prolapse
of an organ below the pubococcygeal line by <3 cm
is considered small, 3-6 cm moderate, and >6 cm
large (LIENEMANN et al. 1997; Gon et al. 2000).
However, it must be remembered that although use
of a standard reference line for imaging investiga-
tions will facilitate a move toward standardisation
between workers in the field, agreement with clini-
cal grading of prolapse cannot be assumed (PANNU
2004). A line drawn through the long axis of the
pubis approximates the location of the hymenal
ring, the reference used for the clinical grading of
prolapse, but even use of this line may not improve
agreement between imaging and clinical evaluation
(FAUCONNIER et al. 2007).
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Few data describe DCP findings in normal indi-
viduals. Using MRI in 50 asymptomatic volunteers
(25 male), GoH et al. (2000) demonstrated that de-
scent of the bladder base and cervix below the pubo-
coccygeal line on maximum straining was unusual,
although was seen respectively in three and two fe-
males.

4.1.2.3.1
Rectocoele

The definition, aetiology, and clinical significance of
a rectocoele (Fig. 4.1.4) is described in Chapter 6.1.

4.1.2.3.2
Cystocoele

A cystocoele is defined as abnormal decent of the
bladder. Patients often present complaining of a
feeling of anterior “fullness” or with stress incon-
tinence. As the cystocoele progresses, patients may
develop intermittent obstructed voiding, incomplete
emptying, and hesitancy (JELOVSEK et al. 2007). On
DCP a cystocoele is defined by descent of the bladder
base (opacified by contrast) below the pubococcy-
geal line, although as noted above, this phenomenon
may be seen in a small percentage of asymptomatic
parous women. Even after emptying the bladder, a
cystocoele may be inferred during the proctographic

Fig. 4.1.4a,b. Large, symptomatic rectocoele. Patient with rectal discomfort and sensation of incomplete emptying after
bowel movement. a During evacuation, a large outpouching arises from the anterior aspect of the lower rectum, indicating
a large rectocoele (R). The depth of the rectocoele is measured by its maximal distance (arrowed line) from a line extended
upwards from the anterior margin of the anal canal (dotted line). b Following evacuation, there is marked retention of
contrast (barium trapping) within the rectocoele (R). Note the anterior displacement of the vagina (arrows) by the rectal
protrusion (V=vaginal apex) (reprinted with permission from KELVIN and MAGLINTE 1997)
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phase of the study by anterior indentation on the
contrast-filled vagina. Indeed, as discussed above,
the full extent of a cystocoele may only become
apparent after the rectum has been emptied. Con-
versely, a large undrained cystocoele may prevent
the formation of an enterocoele or rectocoele by oc-
cupying space in the pelvis (KELvVIN and MAGLINTE
2003). Although depiction of urethral anatomy is
superior using MRI (Chap. 4.2), information on mo-
tility can be inferred during DCP if the catheter is
left in situ after bladder drainage.

4.1.2.3.3
Enterocoele and Sigmoidocoele

The rectogenital pouch (pouch of Douglas) is the
most inferior aspect of the peritoneal cavity and
usually terminates approximately at the level of the
posterior vaginal fornix. Filling of this space with
small bowel or sigmoid colon is termed an entero-
coele (Figs. 4.1.5,4.1.6) or sigmoidocoele (Fig. 4.1.7),
respectively. The majority of women with entero-
coeles have a prior history of vaginal delivery, and
a significant proportion has also undergone hys-

terectomy, which leaves the pouch of Douglas ex-
posed (Hupson 1988). Unlike other forms of pelvic
organ prolapse, clinical detection of enterocoeles is
unreliable-in one study just 16% of proven entero-
coeles were apparent on clinical examination (Hock
et al. 1993).

Enterocoeles are readily apparent during DCP be-
cause both the bowel and vagina are opacified. How-
ever, their demonstration may require repeated and
prolonged straining (Fig. 4.1.6), and their formation
may also be intermittent (HALLIGAN et al. 1996).
There is good evidence that detection is improved
by undertaking a repeat post-toilet straining image,
and indeed up to 50% of enterocoeles may remain
fluoroscopically undetected unless this manoeuvre
is performed (Fig. 4.1.5) (KELVIN et al. 1999). In some
patients, the enterocoele may be intravaginal, rather
than entering the pouch of Douglas (Fig. 4.1.8). The
clinical significance of an enterocoele is debated.
It is now known, for example, that their presence
does not cause obstructed defecation, but there is
no doubt that they are associated with feelings of
incomplete evacuation in some patients (HALLIGAN
et al. 1996). Symptoms of pelvic pressure/dragging

Fig. 4.1.5a,b. Importance of post-toilet state for demonstration of enterocoele. a Post-evacuation image shows large recto-
coele (R) with considerable barium trapping. Note also a posterior rectocoele (arrow) due to herniation through the levator
ani. The rectovaginal space is widened, consistent with a peritoneocoele. b Following evacuation in the bathroom, the rec-
tocoele (R) has almost completely emptied. The rectovaginal space is now filled by a large enterocoele (E) (reprinted with
permission from KELVIN and MAGLINTE 1997)
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Fig. 4.1.6a,b. Enterocoele in rectovaginal space only visualised on straining maximally. a Post-evacuation image taken
without straining shows no evidence of enterocoele. Note barium trapping in rectocoele (R). b On maximal straining, small
bowel loops have descended between the vagina and collapsed upper rectum, indicating an enterocoele (E) in the rectovagi-
nal space. Note descent of rectocoele (r) on straining (reprinted with permission from KeLviN and MAGLINTE 1997)

¥ — —

Fig. 4.1.7. Sigmoidocoele. Post-evacuation image demon-
strates a stool-filled loop of sigmoid colon (S) that has de-
scended into the rectovaginal space, indicating a sigmoido-
coele (V=vagina, arrows collapsed rectum)

Fig. 4.1.8. Intravaginal enterocoele and competing cysto-
coele. Post-evacuation image shows external vaginal pro-
lapse. The everted vagina is coated with contrast material
(arrows). A large enterocoele (E) is present posteriorly within
the prolapsed vagina, while the anterior half of the vagina is
occupied by non-opacified cystocoele
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and lower abdominal pain are often relieved by en-
terocoele repair (KELVIN and MAGLINTE 2003), and
the presence of a significant enterocoele may indi-
cate a trans-abdominal pelvic floor repair instead of
a transvaginal approach. Detection is therefore an
important role for pelvic floor imaging techniques.

Sigmoidocoeles are relatively unusual (around 5%
of DCP examinations) (KELVIN 1999) and are likely
underdiagnosed by DCP due to inadequate sigmoid
opacification. However, clinical detection is also rel-
atively poor, and it maybe MRI will prove superior
to both clinical examination and DCP for diagnosis
(Chap. 4.2). For uniformity of definition with other
forms of pelvic organ prolapse, a sigmoidocoele may
be defined as descent of the sigmoid below the pubo-
coccygeal line (KELVIN and MAGLINTE 2003). How-
ever, others have proposed diagnosis is restricted to
sigmoid decent by 4.5 cm below this reference line
(FENNER 1996).

An association between sigmoidocoeles and con-
stipation is well described (FENNER 1996), although
which is the primary abnormality may sometimes
be unclear. Stasis of faecal contents within a sig-
moidocoele may lead to chronic straining (JORGE
et al. 1994b), and resection can lead to dramatic
relief of constipation in some patients (KELVIN and
MAGLINTE 2003). It has been suggested that a large
sigmoidocoele may physically obstruct defecation,
the theory being the solid contents are more com-
pressive compared to the “softer” consistency of an
enterocoele (FENNER 1996).

4.1.2.3.4
Peritoneocoele

Positive contrast has been injected into the peri-
toneal cavity in order to investigate the configu-
ration of the pelvic floor during rectal evaluation
(HarricaN and BARTRAM 1995), a procedure
known as “peritoneography” and necessary before
MR imaging became widely available. To investigate
proctographic widening of the rectovaginal space
without an obvious enterocoele, Bremmer and col-
leagues (1997) used peritoneography to outline the
distal peritoneal recess. In a study of 22 patients,
20 had a widened rectovaginal space due at least
in part to a peritoneocoele (BREMMER et al. 1997),
which is defined as decent of the rectouterine pouch
below the upper third of the vagina, i.e., the pouch
does not contain bowel (in which case it would be a
simple enterocoele). Bremmer defined various sub-
types of peritoneocoele, including rectal (located

within a rectal intussusception), septal (descent
into the recto-vaginal pouch), and vaginal (decent
into the vagina). Peritoneocoeles may coexist with
enterocoeles (up to 50%) (HALLIGAN et al. 1996),
and their clinical import lies in the fact they prob-
ably predict enterocoele formation, thus indicating
repair if prolapse surgery is undertaken (KELVIN et
al. 2000). Although peritoneocoeles can be inferred
from a widened rectovaginal space on DCP, they may
be best visualised using MRI (Chap. 4.2).

4.1.2.3.5
Vaginal Vault Prolapse

Routine vaginal opacification during DCP usually
permits reliable assessment of vault motility dur-
ing maximum staining. Occasionally full vaginal
prolapsed (Fig. 4.1.8) will be missed on DCP due to
difficulties in identifying any residual vaginal con-
trast. However, such gross abnormality is of course
readily apparent on clinical examination. Again for
uniformity of definition, most workers consider vag-
inal prolapse as descent below the pubococcygeal
line, regardless of the presence or not of the uterus.
Vaginal prolapse rarely occurs in isolation and is
usually associated with abnormal descent of other
pelvic organs, notably an enterocoele.

Anterior displacement of the vagina on DCP may
be secondary to rectocoele, enterocoele or large
peritoneocoele, whilst posterior-inferior displace-
ment is usually secondary to a cystocoele (KELVIN
et al. 1999).

41.2.4
Comparison with Physical Examination

Correlation between physical examination findings
and those on DCP have sometimes been disappoint-
ing. However, it must be remembered that both use
different lines of reference-clinical examination uses
the hymeneal ring and imaging the pubococcygeal
line. When the mid-pubic line is used as the imaging
line of reference, correlation with clinical findings
is improved (PANNU et al. 2000). Furthermore, the
ability of the patient to adequately strain is superior
during evacuation as part of DCP than when lying
semi-prone with a speculum in situ, and even the
best trained finger cannot always correctly classify
the full nature of a palpable bulge. Nevertheless, in a
recent review, the role of imaging in the investigation
of prolapse was described as “generally unnecessary”
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(JELovsEk et al. 2007). This is despite the fact that
enterocoeles and sigmoidocoeles are often clinically
occult and revealed only by imaging. In one of the
largest studies to date, KELVIN and colleagues (1999)
retrospectively reviewed 170 DCP examinations.
They found of 47 enterocoeles diagnosed on DCP, just
24 were detected clinically. Similarly, all 8 sigmoido-
coeles and 27 cystocoeles were clinically occult. Im-
portantly, even if early disease on DCP was excluded,
clinical detection rates improved by just 1 to 2%, sug-
gesting DCP was not “over-diagnosing” disease. Of
note, however, 44 enterocoeles were detected clini-
cally, but not seen radiologically. The authors ques-
tioned the use of clinical examination as the reference
standard and pointed out even a surgical reference
was an insufficient standard given the supine, anaes-
thetised state of the patient during the latter. The find-
ings of Kelvin and colleagues have been replicated
by other authors (Hock et al. 1993; ALTRINGER et al.
1995), confirming the apparent inferiority of clinical
examination. Furthermore it is increasingly clear that
prolapse almost invariably involves multiple organs,
often in all three pelvic compartments (MAGLINTE et
al. 1997, 1999). Recent studies using MRI have con-
firmed a high prevalence of clinically occult prolapse
in symptomatic women (Chap. 4.2), and pelvic floor
imaging is increasingly used as clinicians begin to
understand the importance of a holistic rather than
compartmentalised approach to pelvic floor dysfunc-
tion (KAUFMANN et al. 2001).

Summary

Evacuation proctography is a simple and rapid tech-
nique with which to assess the morphological and
functional aspects of rectal evacuation. It is gener-
ally extremely well tolerated by patients, much more
so than the barium enema, for example. The exami-
nation may be extended so that a global pelvic floor
assessment is achieved, but this adds considerably to
procedural complexity and is probably best reserved
for urogynaecological practice, although the simple
addition of oral barium to diagnose enterocoeles is
worth considering. In day-to-day clinical practice,
a formal measurement of various angles and dis-
tances is not required; an understanding of what is
broadly normal and abnormal will suffice and will
come with experience.
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Abstract-Role of MR in
Evaluating Pelvic Floor Disorders

Over the last decade advances in commercial MR
technology have facilitated the development and in-
tegration of dynamic MR imaging into the workup
of patients with pelvic floor disorders. Dynamic MR
imaging demonstrates movement of the pelvic floor
and organs, providing functional information re-
flecting ligamentous or muscular injury, atrophy or
dysfunction. Additionally, it has several advantages
over conventional fluoroscopic cystoproctography.
The intrinsic T2-weighted signal differences of the
pelvic organs provide excellent visualization of the
bladder, vagina, small bowel and rectum with mini-
mal preparation, as well as direct visualization of the
pelvic floor musculature. The use of cross-sectional
imaging eliminates problems of superimposition,
magnification and measurement at traditional fluo-
roscopy. The multiplanar capabilities of MR permit
dynamic coronal and axial imaging unavailable
using fluoroscopic methods. Because dynamic im-
aging of the pelvic floor is performed using time-
efficient pulse sequences, it can be combined with
high spatial resolution static (anatomic) imaging us-
ing endoluminal receiver coils, in order to permit a
combined anatomic and functional assessment of
defecatory disorders in a single setting.

Spectrum of MR Imaging for
Pelvic Floor Disorders

In the early and mid 1990s, several investigators
realized the potential of MR to identify pelvic vis-
ceral prolapse and abnormalities of pelvic floor
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shape (CHRISTENSEN et al. 1995; HEALY et al. 1997;
Ozasa et al. 1992). The advent of fast imaging with
steady-state precession (true FISP or FIESTA) and
single-shot fast spin echo (SSFSE or HASTE) pulse
sequences, which minimize motion artifacts, al-
lowed acquisition of a single image every 1.2-2s
during pelvic floor motion with signal differences
that adequately displayed pelvic floor organs and
musculature (LIENEMANN et al. 1997; BUSSE et al.
2000; GUFLER et al. 1999). In 1997 LIENEMANN et
al. published results comparing dynamic MR colpo-
syctorectography, traditional fluoroscopic colposyc-
torectography and clinical exam in 44 patients and
5 volunteers using sonographic gel in the rectum
and vagina, and saline and thread in the bladder
and urethra, respectively (LIENEMANN et al. 1997).
They found that dynamic MR colposyctorectogra-
phy performed with an equal or higher sensitivity
than traditional fluoroscopy for prolapse at various
sites, with MR being superior for the detection of
enteroceles and uterine prolapse. While most radi-
ologists performing dynamic MR have abandoned
the instillation of contrast material within all pelvic
structures except for the rectum, the findings re-
corded and methods in their study are largely fol-
lowed today.

Static imaging of the pelvic floor is often per-
formed in the same setting of dynamic MR imaging.
Torso phased-array coils are generally used for dy-
namic imaging, but can also be used to visualize the
shape and attachments of the levator plate, vagina
and puborectalis (STROHBEHN et al. 1996; TUNN et
al. 1999; HJARTARDOTTIR et al. 1997). Additionally,
experienced observers may be able to identify exter-
nal anal sphincter atrophy using torso phased-array
coils alone (TERRA et al. 2006). Endoanal receiver
coils additionally permit excellent visualization of
tears or atrophy of the internal and external anal
sphincters, as well as providing improved visualiza-
tion of the urethra and vagina (STOKER and Rociu
1999; HussAIN et al. 1995; STOKER et al. 2001). En-
dovaginal or endourethral receiver coils can also be
used to provide optimal imaging of the urethra and
its supporting ligaments (TAN et al. 1998; MACURA
2006; STROHBEHN et al. 1996). We routinely perform
endoanal imaging to examine the sphincters, levator
ani and puborectalis prior to dynamic MR imaging,
with both static and dynamic imaging completed
in about 45 min. Endoluminal imaging is generally
performed prior to dynamic imaging owing to po-
tential near-field artifacts caused by residual rectal
or vaginal contrast.

Dynamic MR Proctography Technique

A variety of approaches to performing dynamic MR
imaging of the pelvic floor have been advocated
(LIENEMANN et al. 1997; KELVIN et al. 2000; PANNU
et al. 2000; CoMITER et al. 1999). Generally, most
centers perform a three-phase examination consist-
ing of (1) a squeeze maneuver to assess puborectalis
contraction, (2) simulated defecation utilizing rectal
contrast to examine for rectal abnormalities and
pelvic organ prolapse and (3) post-defecation Val-
salva imaging (i.e., a post-toilet phase) to maximize
the detection of enteroceles and cystoceles.

4.2.3.1
Patient Instruction

Prior to imaging, patients are instructed in the ma-
neuvers they will perform as part of the MR exam (i.e.,
squeeze, defecation and Valsalva). It is important to
utilize easy-to-understand directions (e.g., “squeeze
your anal muscles and pull your pelvic floor up;” “re-
lax;” “bear down and expel all your rectal contents;”
“bear down as hard as you can”). During the dynamic
exam itself, patients are instructed to perform specific
maneuvers prior to pulse sequence initiation and to
initiate movement when they next hear the technol-
ogist’s voice, so that image acquisition will begin at
rest and proceed through the desired motion, and so
that instructions can be heard above the noise of the
magnet. Confirming that the patient has performed
the right maneuver at the time of scan is important
to assure acquiring the correct movement.

4.2.3.2
Patient Preparation and Positioning

No bowel preparation is required. The patient is
gowned in a hospital robe with open access to the
back and brought into the MR suite. A torso phased-
array coil is placed directly on the MR table, covered
by a sheet and plastic chucks directly over the loca-
tion of the coil. During both endoanal and dynamic
imaging, the patient is positioned such that the sym-
physis pubis is located in the middle of the torso
phased array coil.

After endoanal imaging is performed, approxi-
mately 180 cc of ultrasound gel is inserted in the rec-
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tum for contrast. Several centers have reported im-
proved pelvic descent when utilizing rectal gel, the
expulsion of which can be used to gauge patient effort.
To facilitate expulsion of rectal contrast, most investi-
gators ask patients to flex their knees and place a large
pillow under underneath them (PANNU et al. 2000).

4.2.3.3
MR Technique

Dynamic imaging is performed in a mid-sagittal
plane during each maneuver. This plane should in-
clude (from anterior to posterior) the pubis, urethra,
vagina, cervix (if present), anorectal junction and
sacrococcygeal joint. Selection of this plane typi-
cally requires localizing axial scans or three-point
localization techniques. For dynamic acquisition, we
typically employ single-shot fast spin echo imaging
with real-time image acquisition and reconstruc-
tion (Bussk et al. 2000) so that we can insure pa-
tients have successfully performed each maneuver.
Images are acquired every 1.2-1.4 s. Alternatively,
sequential true-FISP imaging can be performed
(LIENEMANN et al. 1997), with the selection between
these pulse sequences likely depending upon the
available MR equipment. Axial or coronal imaging
can be performed across the pelvic floor during rest
and straining, and is particularly helpful in discov-
ering levator defects and hernias and their relation-
ships to other pelvic organ prolapse.

The squeeze maneuver is performed to assess for
puborectalis contraction and should be performed
regardless of the appearance of the muscle. Dynamic
imaging is then performed in a mid-sagittal plane, as
described earlier. After two or three images are ob-
tained at rest, the patient is asked to squeeze the anal
muscles and contract the pelvic floor. The radiologist
or technologist performing the exam should either
see anterior and superior movement of the anorectal
junction (as a result of puborectalis contraction) or
insure that the patient properly understood the in-
structions and performed the maneuver (e.g., in the
case of bilateral puborectalis injury or dysfunction).

Dynamic images are then acquired during simu-
lated defecation in a similar manner. Images should
be acquired until the patient expels all rectal con-
tents or during multiple attempts. It should be re-
alized that patients with puborectalis dysfunction
and a minority of normal patients may be unable
to expel any rectal contrast (HALLIGAN et al. 1995;
BHARUCHA et al. 2005). In such instances, the radi-

ologist or technologist should insure that patient ef-
fort was maximal and that imaging findings of Val-
salva are seen (clockwise rotation of the sacrum and
ballooning of the abdominal wall musculature).

Dynamic post-defecation Valsalva images are
performed after the patient has been excused to the
restroom to complete rectal evacuation and empty
the bladder. Emptying these structures maximizes
detection of enteroceles and pelvic organ prolapse
(KELVIN et al. 2000; LIENEMANN et al. 1997). Coro-
nal images are also performed during Valsalva to
detect eventration or hernias in the levator muscle
and provide additional information regarding en-
teroceles, peritoneoceles or rectal prolapse (PANNU
et al. 2000).

Additional maneuvers and problem-solving tech-
niques can also be performed. Dynamic axial imag-
ing of the levator plate can be helpful in evaluating
pelvic organ prolapse by demonstrating pelvic or-
gan descent not seen in a single mid-sagittal slice.
Similarly, sagittal imaging during Valsalva can also
be helpful in portraying the anatomy of enteroceles
and levator ani hernias. While not required to mea-
sure vaginal descent, instillation of intra-vaginal
contrast may be helpful when vaginal vault prolapse
and eversion is present.

Exam Interpretation

Patients referred for dynamic imaging of the pelvic
floor generally possess multiple abnormalities in-
volving the anterior (bladder and urethra), middle
(vagina and uterus) and posterior pelvic compart-
ments (rectum and small bowel) (MAGLINTE et al.
1999). Abnormal descent and associated findings are
described below for each organ. By convention the
descent of pelvic organs and structures is measured
from the pubococcygeal line, which is drawn from
the inferior aspect of the pubis to the sacrococcygeal
joint (Fig. 4.2.1). Descent of any particular struc-
ture/organ is measured along a perpendicular line
from the pubococcygeal line to the structure. How-
ever, it must be noted that in most cases, studies that
compare findings in properly selected asymptomatic
controls to clinically confirmed cases are not avail-
able. In addition, the degree of movement seen is
highly dependent on the degree of effort produced
by the patient at the time of examination.
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Fig. 4.2.1a-d. Dynamic MR proctography images in a patient with obstructive defecation at rest (a), during
defecation (b), and during post-defecation Valsava (c and d). Descent is measured along a perpendicular
drawn between the pubococcygeal line and the anorectal junction, and measures 4.2 at rest cm (a) and 9.1 cm
during defecation (b). There is also a large 5-cm anterior rectocele during defecation (large arrows, b). Anal
canal is denoted by small arrows (a and b). During post-defecation Valsalva imaging (after rectal and blad-
der emptying), a large enterocele (small arrows), along with decompressed rectocele (¢, arrowhead). Coronal
image shows that the enterocele contains sigmoid colon (d, arrowhead) in addition to small bowel loops

4.2.4.1 porting ligaments best visualized at static MR with
Bladder and Urethra endoluminal receiver coils (MACURA 2006) and hy-

permobility observed during dynamic imaging with
Stress urinary incontinence is related to intrinsic Valsalva. Urethral hypermobility is demonstrated
urethral sphincter deficiency and urethral hyper- when the bladder base descends abnormally and the
mobility (MACURA 2006), with the urethra and sup- urethra rotates excessively. Funneling of the proxi-
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mal urethra, or visualized filling of the proximal
urethra, during rest or Valsalva is abnormal and
associated with urinary incontinence, but can also
be seen in some continent patients (MACURA 2006).
Many authors consider descent of the bladder base
below the pubococcygeal line to be abnormal and
to define the presence of a cystocele (MACURA 2006;
KeLvVIN et al. 2000; PANNU et al. 2000). However,
some normal, continent patients demonstrate slight
descent of the bladder base below the pubococcygeal
line (GoH et al. 2000; HEALY et al. 1997). Healy et
al. found that the median descent of the bladder
base with Valsalva in normal volunteers was 1.7 cm.
Consequently, we utilize a cutoff of 2 cm below the
pubococcygeal line to define a cystocele (Fig. 4.2.2),
while others grade cystoceles as small when the
distance between the pubococcygeal line and the
bladder base is between 0 and 3 cm (KELVIN et al.
2000).

4.2.4.2
Vaginal, Uterus and Defects in
Recto-Vaginal Fascia

The vaginal vault (in patients with hysterectomies)
and cervicovaginal junction can be readily seen
on mid-sagittal dynamic MR images (Fig. 4.2.2). It
should be recognized that while many published
series define vaginal vault or uterine prolapse as
occurring when the vaginal vault or cervicovagi-
nal junction descends below the pubococcygeal line
(LIENEMANN et al. 1997), many asymptomatic pa-
tients will have mild descent of the vaginal vault to
a point 3 cm or less below the pubococcygeal line
(HEALY et al. 1997), and such descent should be con-
sidered small (KELVIN et al. 2000). Moreover, even
when the uterus descends more than 3 cm below
the pubococcygeal line, the functional implications
of its descent (i.e., whether or not it impedes rectal
evacuation) should be described.

4.2.4.3
Puborectalis Function

The anorectal angle is drawn using tangents
through the anal canal and along the posterior rec-
tal wall (SHORVON et al. 1989; BARTRAM et al. 1988).
Puborectalis function is evaluated by the changes
in the anorectal angle during squeeze and defeca-
tion. Thus, the angle normally decreases, reflect-

ing puborectalis contraction, during squeeze and
increases, reflecting relaxation, during defecation.
The utility of defecating proctography is limited
by considerable inter-observer variability in ano-
rectal angle measurements, which may be partly
attributable to inter-observer variations in orien-
tation of the rectal tangent, which may be drawn
through the anterior, middle or posterior rectum
(BARNETT et al. 1999). However, inter-observer cor-
relation for anorectal angle measurements by MR
proctography can be excellent; based on the lowest
5th percentile in the group of asymptomatic control
subjects, normal puborectalis contraction was de-
fined by areduction of the anorectal angle from rest
to squeeze by 11° (SHORVON et al. 1989; BHARUCHA
et al. 2005). During squeeze, the anorectal junction
should move superiorly, and generally moves for-
ward anteriorly, although this finding is variable in
control subjects (SHORVON et al. 1989) (Fig. 4.2.3).
Because variations in rectal contour also affect
angle measurements even when electronic calipers
are used, interpreting physicians should compare
and insure that numeric measurements reflect
their subjective impressions of puborectalis con-
traction.

During evacuation, the puborectalis normally
relaxes, causing widening or an increase in the
anorectal angle. Dynamic MR imaging reveals a
smaller change in the anorectal angle, reflecting im-
paired puborectalis relaxation, during evacuation
in patients with obstructed defecation compared to
matched controls (BHARUCHA et al. 2005). Similar
to barium proctography, the diagnosis of defecatory
dysfunction should not be exclusively based on the
anorectal angle change during evacuation because
some asymptomatic subjects (17% in one study) may
have an inadequate anorectal angle change during
defecation, while some patients with clinical and
manometric features of an evacuation disorder may
have normal anorectal angle change during evacua-
tion (HALLIGAN et al. 1995; BHARUCHA et al. 2005).
Thus, other findings (i.e., difficulty initiating evac-
uation, incomplete rectal evacuation, paradoxical
puborectalis contraction as evidenced by increased
puborectalis indentation and reduced perineal de-
scent) should also be used to assess for disordered
defecation. Indeed, there is increasing evidence for
phenotypic heterogeneity in patients with defeca-
tory disorders (BHARUCHA et al. 2005; FLETCHER et
al. 2003); for example, perineal decent may be nor-
mal, reduced or increased (Fig. 4.2.4) (BHARUCHA et
al. 2005).
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4.2.4.4
Rectal Abnormalities

Rectoceles are an outpouching of the (usually) an-
terior rectal wall, as measured from a line extended
upward from the anal canal (KELVIN et al. 2000).
Rectoceles less than 2 cm are considered to be clini-

Fig. 4.2.2a-c. Abnormal decent of the bladder base (arrow)
and cervix (black arrowhead) below the pubococcygeal line
(white line), from rest (a), to defecation (b) and Valsalva (c).
A cystocele (with bladder base 3.2 cm below pubococcygeal
line) and uterine prolapse (with cervix 5.3 cm below pubo-
coccygeal line) are most pronounced during post-defecation
Valsalva imaging (c)

cally insignificant, particularly in older women.
Rectoceles in excess of 4 cm are considered to be
large (KELVIN et al. 2000). Conceptually, rectocoeles
reflect “give-way” of the anterior rectal wall, often
in the context of deficient support mechanisms (e.g.,
after a hysterectomy). It is important to recognize
that rectocoeles are often secondary rather than
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Fig. 4.2.3a-d. Axial and coronal endoanal MR images (a and b, respectively) in an incontinent patient show
normal-appearing puborectalis muscle and globally thickened internal anal sphincter (arrows, a and b). Dy-
namic MR images at rest (c) and squeeze (d) show a widely patulous anal canal and minimal puborectalis
function, which correlated with reduced resting and squeeze pressures at manometry

primary abnormalities, i.e., they are caused by ex-
cessive straining in patients with impaired pelvic
floor relaxation. Impaired emptying of a rectocele
may contribute not only to symptoms of disordered
defecation, but also to “passive” leakage (i.e., after
defecation) in fecal incontinence. Rectocoele emp-
tying should be assessed by images acquired after

patients have had an opportunity to defecate on a
toilet, perhaps on images acquired during a Val-
salva maneuver (GREENBERG et al. 2001). To describe
rectal intussusception and prolapse at dynamic MR
imaging, most subspecialists use grading systems
developed at fluoroscopic proctography (SHORVON
et al. 1989) (Fig. 4.2.5).
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Fig. 4.2.4a,b. Patient with symptoms of obstructive defecation, but negative balloon expulsion study at rest (a)
and during attempted defecation (b). During attempted defecation, a broad-based anterior rectocele (arrowheads,
b) and descent of 5.5 cm below pubococcygeal line is seen, with increased abdominal pressure demonstrated by
ballooning of the anterior abdominal musculature (black arrows, b), but inability to expel rectal contents. On the
basis of the MR and symptoms, the patient was treated with biofeedback with marked symptomatic improvement

Fig. 4.2.5a-c. Mid-sagittal MR image at rest shows a
patulous anal canal (a, arrow). Dynamic MR images
during defecation and Valsalva in the mid-sagittal
plane (b) show complete prolapse of the anterior rec-
tal wall (large white arrow) through the anal sphinc-
ters (black arrows) in addition to an anterior rectocele
(white arrowhead). Coronal image during Valsalva
also demonstrates the prolapse (¢, white arrow; c,
black arrow - anal sphincter). Patient underwent sub-
sequent proctectomy and anal sphincteroplasty
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Fig. 4.2.6a-c. Dynamic MR imaging during defeca-
tion shows a 2.8-cm anterior rectocele (arrowhead,
a) and decent of the anorectal junction to 6.7 cm
below the pubococcygeal line, but no other findings.
After rectal and bladder emptying, a large enterocele
(arrows, b and c) is observed during Valsalva, in ad-
dition to the excessive descent and anterior rectocele
seen previously (arrowhead, b)

Fig. 4.2.7a,b. A serous cystadenoma (a, arrow) and urethral diverticulm (b, arrows) in different patients, both
of which were discovered incidentally at dynamic MR imaging in patients with pelvic floor disorders
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4.2.4.5
Enteroceles and Peritoneoceles

The anterior rectum is normally opposed to the poste-
rior vaginal wall throughout pelvic floor maneuvers.
Widening of this space during defecation or Valsalva
can be caused by descent of peritoneal fat alone (peri-
toneocele), peritoneal fat with small bowel loops (en-
terocele; Fig. 4.2.6) and/or peritoneal fat with large
bowel (sigmoidocele or cecocele; Fig. 4.2.1). Several
studies have suggested that dynamic MR imaging may
be more sensitive than fluoroscopic defecography for
detecting enteroceles (LIENEMANN et al. 1997).

4.2.4.6
Pelvic Floor Movement and Hernias

Movement of the anorectal junction during the
squeeze maneuver has already been explained.
Similar to anorectal angle measurement, various
institutions have reported a variety of values for
abnormal pelvic floor descent (measured between
the pubococcygeal line and the anorectal junction
at simulated defecation or Valsalva), largely owing
to differences in technique and patient populations.
Most radiologists employ a measurement of more
than 2.5 cm below the pubococcygeal line at rest or
greater than 3 cm of descent during maximum strain
at MR for abnormal perineal descent (Gon et al.
2000). However, in asymptomatic subjects, anorectal
descent to 4.6 and 5.5 cm below the pubococcygeal
line for those less than or greater than 40 years old,
respectively, has been observed at MR imaging (Fox
et al. 2006), suggesting that the normal range for
pelvic floor descent may be much higher than previ-
ously anticipated in the asymptomatic population.
Coronal imaging during Valsalva at dynamic MR
should also be used to detect hernias and eventra-
tions in the levator ani muscle, which cannot be seen
at traditional fluoroscopy (KAUFMAN et al. 2001).

4.2.4.7
Incidental Findings

HASTE and true-FISP imaging can, of course, dis-
play pelvic pathologies beyond the rectum and pel-
vic organ prolapse, most typically ovarian and uter-
ine masses/pathology, but also including urethral
diverticula, hydroureter, etc. (COMITER et al. 1999)
(Fig. 4.2.7).

Patterns of Disease

Although imaging generally reveals distinct pat-
terns in patients with fecal incontinence and def-
ecatory disorders, there is some overlap because
these conditions may coexist in the same patient
(Fig. 4.2.8) (BHARUCHA et al. 2005). Anal sphinc-
ter and puborectalis injury (as manifested by tears,
marked focal thickening or atrophy), which may
be partly attributable to obstetric trauma, are fre-
quently observed in fecal incontinence (Fig. 4.2.8
and 4.2.9) (BHARUCHA et al. 2005). While endoanal
ultrasound and MRI are comparable for imaging the
internal sphincter, MRI is superior to ultrasound
for identifying external sphincter atrophy, which
may be severe in up to one-fifth of incontinent pa-
tients and uncommon in asymptomatic controls
(BHARUCHA et al. 2005; TERRA et al. 2006). Anal
sphincter injury is associated with sphincter weak-
ness measured by manometry, i.e., reduced resting
and squeeze pressures, reflecting internal and ex-
ternal sphincter weakness, respectively (BHARUCHA
et al. 2005). Moreover, dynamic MR imaging often
reveals a patulous anal canal, filled by rectal con-
trast, indicative of reduced anal resting pressure
and diminished movement of the anorectal junc-
tion from rest to squeeze, indicative of impaired
voluntary contraction (Fig. 4.2.9). Finally, anorectal
structure and motion may appear normal, under-
scoring the contribution of other dysfunctions to
fecal incontinence (e.g., diminished rectal capacity,
altered rectal sensitivity and disordered bowel hab-
its) not examined by imaging.

Patients with obstructive defecation may exhibit
signs of pelvic floor dysynergia or paradoxical con-
traction of the external anal sphincter/puborectalis/
pelvic floor while attempting to defecate (Fig. 4.2.4).
Dynamic pelvic floor imaging can demonstrate
a variety of findings in such patients, including
reduced anorectal angle change during defeca-
tion (BHARUCHA et al. 2005) (Fig. 4.2.8), rectoceles
and increased perineal descent in some patients
(BHARUCHA et al. 2005), and bulging of the levator
plate during straining (HEALY et al. 1997). Indeed,
MRI provides an appreciation of the natural history
of pelvic floor disorders, which in some patients is
characterized by a transition from reduced perineal
descent to increasing perineal descent as the pelvic
floor becomes weaker, perhaps in part due to exces-
sive straining during defecation. The descending
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Fig. 4.2.8a-e. Imaging patterns seen in a patient
with defecatory disorder. Multiparous patient with
symptoms of difficult defecation, occasional incon-
tinence and an abnormal balloon expulsion test.
Endoanal imaging demonstrates right internal anal
sphincter tear and external anal sphincter atrophy
(a, arrows), as well as right puborectalis atrophy (b,
arrows). Dynamic MR imaging shows a patulous
anal canal at rest (c), and small rectal intussuscep-
tion (d, arrows) and reduction rather than widening
of the anorectal angle during defecation (e)
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perineum syndrome is characterized by markedly
abnormal perineal descent, which over time may
cause a pudendal neuropathy, and lead to incon-
tinence. In addition to impaired anorectal motion
during defecation, defecatory disorders are also as-
sociated with impaired anorectal and pelvic floor
motion during squeeze (i.e., when subjects contract
their pelvic floor muscles), reflecting generalized
pelvic floor dysfunction.

The role of imaging in anorectal disorders con-
tinues to evolve. While imaging findings are useful
for understanding the pathophysiology of defeca-
tory disorders and fecal incontinence, their impact

on guiding management is unclear and a subject of
debate, partly because there is a limited selection
of therapeutic and particularly surgical options
for these disorders (BHARUCHA 2006; Rao 2006;
WAaLD 2006). For example, the role of anal sphinc-
teroplasty in patients with anal sphincter defects
presenting with fecal incontinence several decades
after vaginal delivery is unclear, because although
85% of patients report improved continence in the
short term after anal sphincteroplasty, full con-
tinence is maintained in only 28% at 40 months
and in 11-14% at 60 months (CHEUNG and WALD
2004).

Fig. 4.2.9a-c. Imaging patterns in patients with fecal incon-
tinence. Patient with symptoms of fecal incontinence had
marked right puborectalis atrophy during static endoanal
imaging (a, arrows). Dynamic imaging in the mid-sagittal
planes demonstrated poor puborectalis function, with mini-
mal lift of the anorectal junction and no change in the ano-
rectal angle from rest (b, anorectal angle=117) to squeeze
(c, anorectal angle=117)
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In most patients, anal manometry and an abnor-
mal balloon expulsion test suffice to confirm the di-
agnosis of an evacuation disorder. However, imaging
is useful when routine diagnostic tests (e.g., anorec-
tal manometry and rectal balloon expulsion) do not
confirm the clinical suspicion of a rectal evacuation
disorder, for example in patients who do not have
florid perineal descent (i.e., perineal ballooning) on
physical examination. A majority of these patients
are typically diagnosed by abnormal balloon expul-
sion tests, but some are not, and these patients tend
to have abnormal perineal descent at MR (HEALY et
al. 1997). Dynamic MRI also demonstrates general-
ized pelvic organ prolapse (e.g., cystocoele), which is
associated with increased perineal descent and may
require surgical correction. Finally, reviewing dy-
namic MR images with physicians provides patients
with an improved appreciation of the disorder and
management thereof. Finally, many patients present
with mixed symptoms and imaging findings com-
mon to both fecal incontinence and obstructive def-
ecation (Fig. 4.2.8).

Performance and Limitations of MR

Dynamic MR imaging is generally performed in
the supine position, as opposed to the upright posi-
tion used during fluoroscopic defecography. Several
investigators have examined the potential impact
of performing dynamic exams in the supine posi-
tion. In general, variations in pelvic floor descent
and pelvic organ prolapse are similarly observed
at supine MR compared to upright MR or fluoros-
copy (LIENEMANN et al. 1997; KELVIN et al. 2000;
FIELDING et al. 1998), although these findings have
not been universal (VANBECKEVOORT et al. 1999).
Advantages of MR include increased visualization
of the bladder, urethra and uterus without the time-
consuming need for instillation of contrast in the
anterior and middle pelvic compartments (COMITER
et al. 1999), the potential for concomitant anatomic
evaluation of the anal sphincters (BHARUCHA et al.
2005) and direct visualization of the pelvic floor and
levator hernias (KAUFMAN et al. 2001).

The primary limitation of dynamic MR in the
evaluation of pelvic floor disorders is temporal reso-
lution and supine positioning. Subtle or transitory
intussusception or prolapse may be missed or mini-

mized under these imaging conditions (KAUFMAN
et al. 2001). Moreover, in contrast to pelvic organ
prolapse, rectal prolapse is better seen at fluoroscopy
given the superimposition of the entire rectal lumen
(as opposed to just a cross-section of it). If symp-
toms of prolapse are present and MR is negative, we
typically recommend fluoroscopic defecography.

Conclusion

Defecation and continence are complex, multi-
factorial events for which a large variety of tests
contribute to a holistic picture for any individual
patient. Apart from detailed history and physical
examination, patients typically undergo a variety
of tests, which may include anorectal manometry,
anatomic imaging of the anal sphincters (at MR or
ultrasound), colonic motility testing, anal sphinc-
ter EMG and colonoscopy (to exclude structural le-
sions). Dynamic MR imaging of the pelvic floor has
become a recognized adjunctive, problem-solving
test in the evaluation of patients with defecatory dis-
orders and is increasingly utilized in a routine fash-
ion to affect management decisions (HETZER et al.
2006). In the future we anticipate that MR imaging of
the pelvic floor will continue evolve as a diagnostic
tool in patients with defecatory disorders, provid-
ing additional functional information beyond pelvic
floor movement and sphincter anatomy (BHARUCHA
and FLETCHER 2007). Moreover, functional informa-
tion from dynamic MR will influence and inform
the understanding the pathophysiology and unique
disease subtypes in fecal incontinence and obstruc-
tive defecation (BHARUCHA et al. 2005; DEUTEKOM
et al. 2007).
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Introduction

One suggested rationale for using MR imaging to
evaluate urinary incontinence and pelvic floor dys-
function derives from the observation that patients
might present with symptoms isolated to one pelvic
compartment, but may have concomitant defects in
other compartments (MAGLINTE et al. 1999). Accu-
rate diagnosis of coexisting abnormalities is essen-
tial in planning reconstructive pelvic floor and anti-
incontinence surgery. Some authors have suggested
that surgical failures result from the lack of thor-
ough preoperative diagnosis and inadequate staging
of pelvic floor dysfunction (SAFIR et al. 1999).
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Most diagnoses of pelvic floor prolapse are still
made on detailed physical exam, but some studies
have suggested the use of MRI in the diagnosis of pel-
vic floor dysfunction. This suggestion is based on the
assumption that the pelvic exam has poor sensitivity
and specificity in diagnosing certain forms of pelvic
floor prolapse (KELVIN et al. 1997; 1999; STOVALL et
al. 2000). Whether or not this will improve surgical
outcomes has not been investigated yet.

There is another reason for the increasing use of
MR imaging in women with pelvic floor disorders:
MR imaging can identify specific structural abnor-
malities that are associated with pelvic organ pro-
lapse (DELANCEY et al. 2007). Half of the women
with prolapse have major morphologic defects in
the levator ani muscles. Studies have reported a link
between muscle impairment and operative failure
after surgery for pelvic organ prolapse (VAKILI et al.
2005).

A defective levator ani muscle is highly associated
with pelvic floor dysfunction (MORGAN et al. 2007;
SHAFIK et al. 2003; MILLER et al. 2004) and specifi-
cally pelvic organ prolapse where women with pro-
lapse are shown to have a 40% lower force generated
during a pelvic muscle contraction than women
without prolapse (DELANCEY et al. 2007). In addi-
tion, soft tissue imaging has clarified the cause of
these defects.

Recent studies have identified vaginal birth as
the source of levator ani muscle defects (DELANCEY
et al. 2003; KEARNEY et al. 2006; DIETZ et al. 2005).
There are also indications of neural damage during
vaginal delivery (ALLEN et al. 1990). But the question
of how much age-related changes, direct traumata to
the muscle (avulsion, tearing), neurological damage,
and secondary muscle atrophy contribute to levator
ani defects is still not answered. A full understand-
ing of the relationship between neural abnormali-
ties and visible muscle defects is not yet available.
This and several other questions about the relation
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of pelvic organ prolapse and the female pelvic floor
are still unanswered, but the ability to objectively
examine structural abnormalities in MR images is
a promising development in understanding pelvic
floor disorders. In the future, MR imaging may be
used to detect these abnormalities so that different
operative approaches can be used in women with
high or low risk for operative failure.

MRI Appearance of the
Normal Levator Ani Muscles

The term “pelvic floor” is generally used in two ways.

In a broad sense, it refers to all structures that sup-

port and position the pelvic organs. These “pelvic

floor” structures are: the perineal membrane, the

levator ani muscles, and the connective tissue. In a

restricted sense, “pelvic floor” refers to the group of

muscles known collectively as levator ani muscles.

We will use the term “levator ani” to describe these

muscles and the term “pelvic floor” in its broader

sense for the collection of supportive structures, rec-
ognizing that others use this term differently.

MR imaging has been used to study the normal
female pelvic floor anatomy, the anatomy in symp-
tomatic patients, and the anatomy of the aging fe-
male. The normal appearance of the levator ani
muscle in asymptomatic, nulliparous women is well
established. Side-by-side comparison of cadaver
cross sections and corresponding MR images clari-
fied the appearance of levator ani muscle anatomy
(STROHBEHN et al. 1996). Recent advances in MR
imaging have enabled us to examine the levator ani
muscles in detail in vivo in 2D (MARGULIES et al.
2006) and 3D images (HoOYTE et al 2001).

There are five levator ani muscle subdivisions
(Figs. 4.3.1 and 4.3.2):

1. the pubovisceral muscle with its components:
pubovaginal, puboperineal, and puboanal
muscle,

2. the puborectal muscle,

3. the iliococcygeus muscle.

The coccygeus muscle connects the coccyx to the
ischial spine. Although the coccygeus muscle is con-
tiguous with the levator ani muscle, it is generally
considered separately and not included in the term
“levator ani.”

Fig. 4.3.1. Schematic view of the levator ani muscles seen
from caudal left. Vulvar structures and perineal membrane
have been removed showing: arcus tendineus levator ani be-
hind the obturator foramen (ATLA), external anal sphincter
(EAS), puboanal muscle (PAM), perineal body (PB) uniting
the two ends of the puboperineal muscle (PPM), iliococ-
cygeal muscle (ICM), and puborectal muscle (PRM). Note
that the urethra and vagina have been cut just above the
hymenal ring (from KEARNEY et al. 2004; © DELANCEY 2003
with permission)

Fig. 4.3.2. The levator ani muscle seen from cranial right,
looking over the sacral promontory (SAC) into the pelvis.
The urethra (U), vagina (V), and rectum (R) have been cut
just above the pelvic floor. Visible are: the pubovaginal mus-
cle (PVM), puboanal muscle (PAM), arcus tendineus levator
ani (ATLA), and iliococcygeal muscle (ICM) (from KEARNEY
et al. 2004; © DELANCEY 2003 with permission)




MRI of the Levator Ani Muscle

91

The pubovisceral muscle has previously been
called the pubococcygeal muscle (Terminologia
Anatomica 1998), but we favor Lawson’s term “pu-
bovisceral” (LAwsoN 1974), because it describes
the origin and insertion accurately. A discussion of
this topic was considered in depth in a recent article
(KEARNEY et al. 2004). Our use of terminology is
based on this analysis.

Each subdivision is defined by the muscle origin
from and insertion to another structure. The sug-
gested terms for these subdivisions, along with their
origin/insertion points and their function, are listed
in Table 4.3.1. The subdivisions of the levator ani
muscle are visible on MRI scans, each with distinct
morphology and characteristic features. Criteria for
designation of a muscle subdivision on MRI are the
clear and consistent visibility as a separate struc-
ture between adjacent structures. Additional visible
characteristics are: fiber direction, and muscle ori-
gin and insertion.

Figure 4.3.3 shows a computer model of the leva-
tor ani subdivisions. This model helps to identify
and understand the form, shape, and origin/inser-
tion of each of the five levator ani subdivisions in
Figures 4.3.4, 4.3.5, and 4.3.6.

4.3.2.1
Pubovisceral Muscle

The pubovisceral muscle arises from the pubic bone
and passes beside the pelvic organs. It consists of
subdivisions that originate from the pubic bone and

insert to the perineal body (puboperineal part), to
the vaginal wall (pubovaginal part), and to the anal
canal and skin (puboanal part). The pubovisceral
muscle elevates the perineal body, the vagina, and
the anus.

In Figure 4.3.4, axial planes provide a clear view
of the pubovisceral muscle and its subdivisions. The
puboperineal, pubovaginal, and puboanal muscles
originate together from the inner surface of the pu-
bic bone (e.g., panels 0.0, +0.5) and course medial to
the puborectal muscle next to the vagina. The pu-
bovisceral subdivisions cannot be distinguished at
their origin from the pubic bone, but the different
insertion points can be distinguished. The attach-
ment of the pubovaginal muscle to the right vaginal
wall is seen in panel 0.0. The puboperineal muscle
can be seen where it inserts into the perineal body
(e.g., panels 2.0, —2.5). The puboanal muscle can be
seen where it inserts into the intersphincteric space
(e.g., panel +1.0).

Figure 4.3.5 shows the coronal plane in which the
pubovisceral muscle lies perpendicular to the scan
plane. The pubovaginal attachment is again identi-
fied as medial fusion of the muscle with the vaginal
wall (e.g., panel —2.0). It is difficult to distinguish
between the pubovisceral and the puborectal mus-
cles in this orientation (e.g., panels —1.5 to —4.0)
because muscle fibers are contiguous and without
visible separation; pubovisceral and puborectal
muscle are seen as a single body of muscle lateral
to the vagina. Similarly, the subdivisions compos-
ing the pubovisceral muscle cannot be separated in
the coronal MRI cross sections.

Table 4.3.1. Overview of the nomenclature and functional anatomy of the levator ani subdivisions (from KEARNEY 2004)

Terminologia Anatomica Origin from

Pubococcygeal muscle
(we favour “pubovisceral”)

Insertion to

Function

Vaginal wall at the level of the

Intersphincteric groove between
internal and external anal

Puboperineal muscle  Pubic bone Perineal body

2]

=

-2 Pubovaginal muscle  Pubic bone

E mid-urethra

2

2 Puboanal muscle Pubic bone

sphincter

Puborectal muscle Pubic bone

Tendinous arch of
the levator ani

Iliococcygeal muscle

Forms sling dorsal to the rectum

The two sides fuse in the iliococ-
cygeal raphé

Elevates perineal body towards
pubic bone

Elevates vagina towards pubic
bone at the level of mid-urethra

Elevates the anus and its attached
ano-derm towards the pubic bone

Forms the anorectal angle and
closes the urogenital hiatus

Spans the pelvic canal, forms a
supportive diaphragm
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Fig. 4.3.3. a Three-dimensional model of levator ani subdivisions including the pubic bone (PB) and pelvic viscera, left
three-quarter view from caudal. This model was created by using the magnetic resonance images shown in Figures 4.3.4,
4.3.5 and 4.3.6. The pubovaginal, puboperineal, and puboanal muscles are all combined into a single structure: the pu-
bovisceral muscle (PVi). b The same model without the pubic bone. B, bladder; Ur, urethra; V, vagina; U, uterus; EAS,
external anal sphincter; PR, puborectal muscle; IC, iliococcygeus muscle (from MARGULIES et al. 2006; © DELANCEY 2006

with permission)

Fig. 4.3.4. Axial scan of a 25-
year-old nullipara showing subdi-
visions of the levator ani muscle.
Levels of single scan planes in
centimeters relative to the arcuate
pubic ligament (A) are indicated
in lower left corner with positive
numbers cranial to the ligament
and negative numbers caudal. B,
bladder; V, vagina; R, rectum; PR,
puborectalis muscle; OI, obturator
internus muscle; IC, iliococcygeal
muscle; Ur, urethra; EAS, external
anal sphincter; PVa, pubovaginal
attachment; PA, puboanal muscle;
PP, puboperineal muscle; STP,
superficial transverse perineal
muscle. White arrows indicate
puborectal muscle progression
(from MARGULIES et al. 2006;

© DELANCEY 2006 with permis-
sion)
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Fig.4.3.5. Coronal scans of

the same subject depicted in

Figs. 4.3.4 and 4.3.6. Levels of
single scan planes in centimeters
relative to the arcuate pubic liga-
ment A) are indicated in the lower
left corner with negative numbers
dorsal to the ligament. Note that
scans —1.0 and —3.5 have been
omitted so that other scans could
be included. B, bladder; V, vagina;
PB, pubic bone; PVi, pubovisceral
muscle; VB, vestibular bulb; R,
rectum; PR, puborectalis muscle;
OI, obturator internus muscle; IC,
iliococcygeal muscle; Ur, urethra;
EAS, external anal sphincter;
PVa, pubovaginal attachment
(from MARGULIES et al. 2006;

© DELANCEY 2006 with permis-
sion)

The sagittal plane (Fig. 4.3.6) offers the advantage
of being parallel to the pubovisceral and puborectal
muscle fiber directions, allowing the fiber direction
to be seen. There is a clear view of the puboperineal
portion, just cephalad to the perineal membrane
(e.g., panels R1.5 to R0.5). The puboanal fibers can
be seen as they course to the upper level of the ex-
ternal anal sphincter (e.g., panels R2.0, R1.5), but
the pubovaginal attachment cannot be seen in this
orientation.

4.3.2.2
Puborectal Muscle

The puborectal muscle originates from the dorsal
aspect of the pelvic bone lateral to the pubovisceral
muscle and courses lateral to it (Fig. 4.3.4). It forms
a sling behind the rectum (e.g., panels +2.5 to -1.0)
and is distinct from the pubovisceral muscle. The
puborectal muscle helps create an angulation in
the rectum, the ano-rectal angle, and is part of the
anal continence mechanism. Puborectal and pubo-
perineal muscles have fiber directions oblique to the
axial scan plane. For this reason the entire muscle
loop is not visible in any single axial slice alone. On
coronal scans the bulk of the muscle can be identi-
fied lateral to the pubovisceral muscle (see Fig. 4.3.5,

panels -1.5 to -6.5). On sagittal scans even fiber
direction and the puborectal muscle bulk behind the
anorectal junction are well visible (Fig. 4.3.6).

4.3.2.3
lliococcygeus Muscle

The iliococcygeal muscle originates from the arcus
tendineus levatoris ani, a condensation of obturator
internus muscle fascia (Fig. 4.3.4, panels +2.5 and
+2.0). In more cranial slices (not shown), it can be
seen passing around the rectum above the fibers
of the puborectal muscle. The iliococcygeal muscle
forms a supportive diaphragm that spans the pos-
terior part of the pelvis. It can be well visualized
on sagittal scans with its wing-like configuration
(Fig. 4.3.6, panels R2.5 through R1.0). The coronal
plane is optimal for viewing the iliococcygeus in the
dorsal parts of the pelvis (Fig. 4.3.5, panels —4.0 to
—6.5). It originates laterally from the arcus tendineus
levator ani over the obturator internus muscle and
inserts to theiliococcygeal raphé in the midline. Here
itinterdigitates with the other side and connects with
the superior surface of the sacrum and coccyx. The
sagittal images show the shelf-like orientation of the
iliococcygeus muscle, which is referred to as the “le-
vator plate” (Fig. 4.3.6, panels R2.5 to R1.0).




94

W. H. Umek and J. O. L. DeLancey

R1.0

Fig. 4.3.6. Sagittal images of the right hemipelvis of the same subject depicted in Figures 4.3.4 and 4.3.5. Notations in the
lower left corner of each panel indicate the distance of the scan plane in centimeters to the right of the midsagittal plane. B,
bladder; PB; pubic bone; IC, iliococcygeal muscle; PA, puboanal muscle; PR, puborectal muscle; EAS, external anal sphincter;
PP, puboperineal muscle; PM, perineal membrane; SQ-EAS, subcutaneous external anal sphincter (from MARGULIES et al.

2006; © DELANCEY et al. 2006 with permission)

The levator ani muscle has a normal resting tone
that closes the vagina in much the same way that the
anal sphincters close the anal canal. There is a con-
stant baseline activity that adjusts to the demands of
increasingactivity, for example, in the standing posi-
tion when the loads on the muscle increase (MORGAN
et al. 2005). By holding the pelvic floor closed, the
levator ani relieves the connective tissue supports
from a portion of the load that they would other-
wise need to carry. During voluntary pelvic muscle
contractions, the levator musculature straightens
and becomes more horizontal (HJARTARDOTTIR et
al. 1997; HuGcossoN et al. 1991).

Each levator ani subdivision has its unique me-
chanical action. Injury to one component may have
different mechanical effects than damage to an-
other. For example, loss of the pubovaginal muscle
would prevent elevation of the anterior vaginal wall
(and urethra), while loss of the puborectal muscle
would prevent kinking of the rectum in the post-
anal angle.

Like in other parts of the body, variation of muscle
bulk can be observed on MRI (see Fig. 4.3.7). This is
likely due to a combination of genetic factors and
daily demands and exercise. The individual amount

of muscle has implications for pelvic floor function
and injury. A woman with a naturally bulky set of
muscles may lose half of her muscle bulk due to in-
jury or atrophy and still have the same amount of
muscle as a woman with naturally delicate muscles.
The consequences of these variations and damage
remain to be determined.

Levator Ani Muscle and
Pelvic Floor Dysfunction

Pelvic organ support is provided by the combined
action of the levator ani muscles and the endo-
pelvic fascia. The levator ani closes the urogenital
hiatus. It creates a high pressure zone in the vagina
(GUADERRAMA et al. 2005) similar to the high pres-
sure zones created by the urethral and anal sphinc-
ter muscles. Together, the muscles and connective
tissue must resist the downward forces that act on
the pelvic floor by the superincumbent abdominal
organs and the force from increases in abdominal
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Fig. 4.3.7a,b. Variations in levator ani muscle thickness and configuration. Axial scans from two individuals are compared:
a thin muscle (31-year-old nulliparous woman); b thicker muscle (36-year-old nulliparous woman). Note also that muscle is
shaped like a “V” in a and more like a “U” in b. Closed arrowhead, right levator ani muscle; open arrowhead, insertion of
arcus tendineus of fascia pelvis into pubic bone in b (from TunN et al. 2003; © DELANCEY 2003 with permission)

pressure during coughing, sneezing, or jumping.
This normal load sharing between the adaptive ac-
tion of the muscles and the energy-efficient action
of static connective tissues is part of the load-bear-
ing design of the pelvic floor (MoRGAN et al. 2005;
SHAFIK et al. 2003).

When injury to one of these two components
(muscles, connective tissue) occurs, the other must
carry the increased demands placed on it. When
the muscle is injured, the connective tissue is sub-
jected to increased load (CHEN et al. 2006). If the
load exceeds the strength of the pelvic tissues, they
may stretch or break, and prolapse may result. This
forms a causal chain of events by which pelvic mus-
cle injury may cause pelvic organ prolapse.

Levator ani damage was first reported in women
with pelvic organ prolapse and described in detail
in cadavers 100 years ago (HALBAN and TANDLER
1907), and more recent work has demonstrated the
importance of this observation (DELANCEY et al.
2007).

In addition, there is accumulating evidence that
surgery for pelvic organ prolapse has higher post-
operative failure rates in women with levator ani
muscle impairment. This has been assessed by bi-

opsy (HANzAL et al. 1993) and muscle function test-
ing (VAKILI et al. 2005).

With the advent of modern imaging, we can di-
rectly see the pelvic floor muscles and their inju-
ries. MRI can show us evidence of localized muscle
injury (see Fig. 4.3.8) in an individual. It will be
possible to better understand the relationship be-
tween injury to a specific part of the muscle and a
certain female pelvic floor problem. Imaging has
now demonstrated evidence of localized muscle
loss, revealing a great variety of injury patterns in
different women.

A simple scoring system to grade muscle de-
fects has been shown to be reliable (MORGAN et al.
2007). The scoring system uses grades: 0 = normal,
1 = mild defect (less than half of muscle bulk miss-
ing), 2 = moderate (more than half of muscle bulk
missing), and 3 = severe (total or near total loss of
muscle bulk). For examples, see Figure 4.3.9.

In a case-control study of 151 women with pro-
lapse matched with 135 controls with normal pelvic
organ support, it could be shown that women with
prolapse are 3.4 times more likely to have a major
levator ani defect than women with normal pelvic
floor support (DELANCEY et al. 2007). More than
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half of the women with prolapse had major defects.
This establishes the association between levator
impairment and prolapse. MILLER et al. (2004)
studied 28 women with normal muscles and 17
women with complete bilateral loss of pubovisceral
muscles. They found that women with intact mus-
cles generated significantly higher urethral closure

pressures than those without pubovisceral muscles
(14 =11 versus 69 cm H,0). It should be empha-
sized, however, that this is not the only causal fac-
tor. The fact that 45% of women with prolapse do
not have muscle injury clearly demonstrates that
other factors, such as connective tissue strength
and integrity, play a role as well.

P

Fig. 4.3.8. Axial images at the level of the midurethra of two different women. Right panel showing a left-sided, unilateral
pubovisceral muscle defect, left panel showing a normal pubovisceral muscle for comparison. Abbreviations: pubic bone
(PB), obturator internus muscle (OI), pubovisceral insertion to the pubic bone (asterisk), location of missing pubovisceral
insertion on the patient’s left side (black arrow), urethra (U), vagina (V), rectum (R), bladder (B) are shown (DELANCEY

2002 with permission)

Fig. 4.3.9. Examples of grade 1, 2, and 3 unilateral defects in axial images. These were selected to illustrate degrees of defects
in individuals with a normal contralateral pubovisceral muscle. The score for each side is indicated on the figure, and the
black arrows indicate the location of the missing muscle (from DELANCEY et al. 2007; © DELANCEY 2006 with permission)
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Pregnancy and Birth-Related Changes

Pregnancy and delivery both increase the likelihood
that a woman will suffer from pelvic floor dysfunc-
tion (MANT et al. 1997; RORTVEIT et al. 2003). Vagi-
nal birth has been identified as a cause of damage to
the levator ani muscle (DELANCEY et al. 2003). Soon
after delivery the pelvic floor sags, and the urogeni-
tal hiatus is wider than normal (see Fig. 4.3.10).

Over the course of the first 6 months, post-par-
tum muscle recovery results in resumption of the
near-normal position in most women, and pelvic
muscle strength also returns to normal (SAMPSELLE
et al. 1998). This corresponds to changes in muscle
appearance following birth (see Fig. 4.3.11).

Recent studies using MRI have demonstrated
that levator ani defects occur after vaginal deliv-
ery (KEARNEY et al. 2006). In a study of women
after their first vaginal delivery, 32 of 160 (20%)
had damage to the levator ani muscles (DELANCEY
et al. 2003). A nulliparous control group of 80
women was also studied, and none of these women
had injuries. Twenty-nine of 32 visible levator ani
injuries occurred in the pubovisceral muscle,
and only 3 occurred in the iliococcygeal portion
of the muscle. In a more recent study, DiETz and

LANZARONE (2005) evaluated women before and
after vaginal birth using 3D ultrasound and con-
firmed that these types of injury occur during
vaginal delivery.

Among the women with injury to the pubovis-
ceral muscle, the amount of muscle injury varies
from one individual to another. Some of these inju-
ries involve complete bilateral loss of pubovisceral
muscle bulk (Fig. 4.3.12), while others may have only
unilateral loss (Fig. 4.3.8). There is also variation in
the amount of architectural distortion that occurs.
Some individuals show major changes in the overall
architecture, while others have intact spatial rela-
tionships.

It remains to be determined whether this rep-
resents the difference between a muscle rupture
with subsequent distortion of muscle appearance
or denervation that then results in loss of muscle
without deformity. Recent computer models have
suggested that some muscle damage during the
second stage of labor may come from overstretch-
ing because those parts of the muscle that are
stretched the most are those parts that are seen
to be injured (LI1EN et al. 2004). Using a computer
model of the levator ani muscle based on anatomy
from a normal woman, the degree to which indi-
vidual muscle bands are stretched could be stud-
ied (Fig. 4.3.13).

Fig. 4.3.10. T2-weighted sagittal sections of an 18-year-old woman, para2, 1 day (left picture) and 6 months (right picture)
after spontaneous vaginal delivery. The external anal sphincter and perineal body that lies ventral to it are much lower in
the 1st day after delivery compared with the anatomy 6 months later, and the urogenital hiatus is also larger (line) (from
TunN et al. 1999; © DELANCEY 1999 with permission)
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This analysis revealed that the muscle injured
most often - the pubovisceral portion - was also the
portion of the muscle that underwent the greatest
degree of stretch. The second area of observed in-
jury, the iliococcygeal muscle, was the second most
stretched muscle. Furthermore, when the portion of
the muscle at risk was identified in cross sections cut
in the same orientation as axial MRI scans, the pat-
tern of predicted injury matched the injury seen in
MRI.

Birth-induced levator ani muscle injury may be
accompanied by other types of injury that occurred
during vaginal birth. A birth that was sufficiently
difficult that it resulted in injury to the levator ani
muscle may have also created injury to the connec-
tive tissue supports.

2 weeks

Conclusion

MR evaluation of the levator ani muscle is changing
rapidly. The recent association of levator ani muscle
damageand pelvic floor dysfunction hasrevealed the
clinicalimportance of injury to this muscle. Identifi-
cation of the injury mechanism provided important
new knowledge about the pathophysiology of pelvic
floor dysfunction. It is likely that the clinical course
and treatment response of women who have levator
ani muscle damage will be different from women
with intact muscles. As this information becomes
available, the need to know the muscle status to de-
cide treatment will make levator ani muscle imaging
a clinically important necessity.

6 weeks

Fig. 4.3.11. Changes in muscle appearance following birth showing the left side of the pelvis at different time points after
delivery. The urethra (U), vagina (V) and levator ani (LA) can be seen. Notice the increasing definition of the structures
postpartum; especially the medial portion of the levator ani muscle adjacent to the vagina that is quite pale 1 day after
delivery, but recovers its signal by 6 months (° DELANCEY 1999 with permission)
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Fig. 4.3.12. Axial proton density MR on left shows normal pubococcygeal muscle with the muscle outlined at the level of
the mid-urethra. On the right is a similar image from a woman with complete loss of the pubococcygeal muscle. Expected
location of pubococcygeal muscles shown by outline (from DELANCEY et al. 2005; © DELANCEY 2005 with permission)
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Fig. 4.3.13. Left, computer model of selected levator ani muscle bands before birth with muscle fibers numbered and the
groups identified; the middle figure demonstrates muscle band lengthening present at the end of the second stage of labor;
right, graphic representation of the original and final muscle (top) and the stretch ratio (bottom), indicating the degree to
which each muscle band must lengthen to accommodate a normal-sized fetal head (from LIEN et al. 2004; © BIOMECHANICS
RESEARCH LABORATORY 2005 with permission)
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Introduction

Sonographic imaging of the anal sphincters poses
several technical problems. The tissue layers are
thin, and the acoustic impedance differences of-
ten minimal, requiring high anatomical resolu-
tion and good soft tissue differentiation to resolve.
There is also the question of the anatomical plane
the sphincters are examined in. As the sphincters
are circular structures, ideally this would be axi-

C. I. BARTRAM, FRCS, FRCP, FRCR

Professor, Consultant Radiologist (retired), St Mark’s Hospital,
Princess Grace Hospital, Nottingham Place, London W1U 5NY,
UK

ally through the sphincters. It is possible to obtain
an angled axial image of the sphincters in women
using a standard end-firing transducer placed on
the perineum, but in men only imaging along the
longitudinal axis of the sphincter is possible with
a probe over the anus. Endoprobes have the advan-
tage of imaging in the ideal anatomical plane, even
although this will disturb the normal anatomy of
the closed anus. Endoprobes for endoanal ultra-
sound need to be designed for axial imaging with
high resolution, and currently only a few manufac-
turers have developed endoprobes for this work.
One of the main contenders has been B-K Medical
(Herlev, Denmark), and much of the developmental
work has been accomplished using their systems.
Other ultrasound manufacturers include Kretz-
technik (Zipf, Austria), Hitachi [Hitachi Medical
Systems Europe (Holding) AG, Zug, Switzerland]
and Aloka (ALOKA Holding Europe AG, Zug, Swit-
zerland).

The B-K Medical endoprobe type 1850 was de-
signed for rectal scanning, to be inserted high into
the rectum via a short sigmoidoscope. Acoustic
contact with the rectal wall was achieved using a
water-filled balloon. This could not be used in the
anus as the balloon collapsed around the mechani-
cally rotated transducer. The system was modified
by replacing the balloon with a hard plastic cone
(Law and BArRTRAM 1989) that would not collapse
around the rotating transducer and that had par-
allel walls to prevent anatomical deformity of the
anus as the probe was moved within the canal. The
width of the cone was minimised (17 mm) to reduce
discomfort and stretching of the sphincters, and a
10 MHz crystal developed with near-field focussing
for use in the anal canal. There is now a 3D probe,
the 2050 with two crystals back to back, multifre-
quency 6-16 MHz, 900 radial lines and an axial
resolution up to 0.2 mm and a lateral of 0.5 mm
(Fig. 4.4.1).
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Fig. 4.4.1. Cut-away view of the B-K Medical 2050 3D probe. Courtesy of B-K Medical

Technique for Endoanal Ultrasonography

The standard B-K Medical endoprobe needed careful
assembly to ensure there was no gas bubble within
the plastic cone, but the new 2050 unit is sealed,
requiring only a generous coating of ultrasound gel
to the outside and inside of the protective sheath to
ensure good acoustic contact.

The position in which the patient is examined is
important. In men the left lateral is adequate, but
in women either the prone or lithotomy position
is preferred, as in the left lateral position the anus
becomes deformed as the pelvic organs pull it over
and symmetry of the anterior structures lost, which
makes it more difficult to appreciate abnormalities
in this important area (FRUDINGER et al. 1998).

The probe should be inserted until it is just into
the rectum and then withdrawn and orientated so
that anterior on the patient is uppermost on the im-
age (Fig. 4.4.2). A series of images should be taken on
withdrawal of the probe to record the appearances of
the canal atalllevels, with detailed scanning of any ab-
normality. The 2050 does not have to be moved, as the
transducer moves within the probe. A complete data-
set of the entire canal may be acquitted just by press-
ing a button. Patient movement must be restricted
during acquisition. If the patient can hold their breath
for the entire scan, this is ideal; otherwise they must
breathe gently as respiration moves the pelvic floor,
creating a misregistration artefact (Fig. 4.4.3).

Normal Anatomy

Muscle cells are of low reflectivity, and it is actually
the complex connective tissue stroma around these,
namely the endomysium, perimysium and epimy-
sium, which create the series of parallel linear re-
flections typical of striated muscle. Reflectivity will

also depend on the angle of the incidence ultrasound
beam to the connective tissue planes, which may
explain why the reflectivity varies in similar muscle
structures, e.g. the puboanalis appears hyporeflec-
tive compared to the puborectalis as it runs in a
different plane. The smooth muscle of the internal
sphincter has a lower fibroelastic content, and pres-
ents as a well-defined ring of uniform low reflectivity
(BARTRAM and FRUDINGER 1997).

The axial image is a composite of reflections from
individual layers and interfaces between layers. Some
layers, notably the internal sphincter, are sufficiently
thick and of specific acoustic quality to be distinctive,
but some are too thin, or of similar reflectivity, to be
distinguished by their inherent acoustic properties.
The interface reflections between different tissues
planes then become important to allow recognition
of the borders of some layers (Fig. 4.4.4).

The anus is fundamentally a four-layer structure
(Fig. 4.4.5) that comprises from the inside outwards
the:

Fig. 4.4.2. Orientation of the probe in a female patient showing
the “U” sling of the puborectalis (PR) with vagina anterior
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Fig. 4.4.4. Layer and interface reflections. Only the internal sphincter (IAS)
may be identified by its inherent acoustic quality, whereas the longitudinal
muscle (LM), external sphincter (EAS) and ischioanal fossa have compa-
rable reflectivity and have to be distinguished by their interface reflections
(small yellow arrowheads from cone; large white interface internal sphinc-
ter to longitudinal layer: large yellow arrowheads longitudinal layer to ex-
ternal sphincter and external sphincter to ischioanal fossa

Fig. 4.4.3. Coronal plane view of 3D acqui- e Subepithelium - a moderately reflective layer.
sition showing some linear misregistration Thin low-reflective crescents of the muscularis
(arrow) due to movement of the pelvic floor submucosae ani may be visible in the upper canal.
during respiration The dentate line is not discernible, but is situated

approximately half way along the canal. Vascular
channels may be seen at 6 and 12 o’clock, and are
low-reflective tubular structures running longi-
tudinally. The anal cushions are compressed by
the probe and usually not visible unless haemor-
rhoidal.

e Internal anal sphincter - is a well-defined low-
reflective ring about 2 mm thick. Usually sym-
metric in thickness, it is best measured at either
3 or 9. It may be slightly thicker just proximal to
its termination, or more often at the cranial end.
The termination is not always symmetric so that
irregularity of the last mm or so should not be
equated with a tear.

e Longitudinal layer - this is a complex layer com-
prising an extension of smooth muscle from
the outer longitudinal layer of the rectum, stri-
ated muscle from the puboanalis and fibroelastic
tissue from the endopelvic fascia (Fig. 4.4.6). Cor-
onal views show how the two muscle layers fuse

Fig. 4.4.5. Axial endosonographic image showing normal into the conjoined longitudinal muscle (LUNNISS

orientation with anterior uppermost (ANT) and right (RT) and PHILLIPS 1992) that terminates in the mid

on the b(?dy right side. IA{3=i§chioanal fossa; E'AS=external canal with the fibroelastic component permeat-

anal sphincter; LM=Ilongitudinal layer; JAS=internal anal ing through both sphincters into the ischioanal

sphincter and SE=subepithelial tissues. Two bright interface P d anal ski hori h .
reflections are seen from the cone with other interface reflec- ossa and perianal skin, anchoring the anus into

tions at fascial planes between the longitudinal layer/external the pelvic floor (Fig. 4.4.7). Sub-adventitial fat on
sphincter and external sphincter/ischioanal fossa (arrows) either side of this layer creates interface reflec-
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tions, and the outer one, between the longitudinal
layer and the external sphincter, may well repre-
sent the inter-sphincteric space that is the plane
for surgical dissection between the sphincters.

e External anal sphincter - is considered to be
in three parts: the deep part merges with the
puborectalis dorsa-laterally, the superficial ends
at the caudal extent of the internal sphincter, and
the subcutaneous part curves inwards towards
the anal margin (Fig. 4.4.8). The outer border of
the external sphincter is demarcated from the
ischio-anal fossa by an interface reflection from
sub-adventitial fat (Fig. 4.4.4).

Fig. 4.4.6. The longitudinal muscle is a
composite layer with smooth muscle from
the longitudinal muscle of the rectum
(LMR), striated from puboanalis (PA) and
fibroelastic tissue from the endopelvic
fascia. Slips from the longitudinal muscle
run through the internal sphincter to the
muscularis submucosae ani (MSA). Fibro-
elastic tissue also tracks through the sub-
cutaneous external sphincter (SCEAS) to
insert into the peri-anal skin

The junction of the anus to the striated muscles of
the pelvic floor is complex. The puboanalis is an in-
ner slip of the puborectalis that can be traced down
into the longitudinal layer (Fig. 4.4.9). The fibre ori-
entation is different so that it is seen as a low-reflec-
tive triangular structure immediately medial to the
puborectalis (Fig. 4.4.10). The transverse perineii
come in from both sides. In men these merge into
the central point of the perineum with clear sepa-
ration from the external sphincter (Fig. 4.4.11). In
women they fuse into the external sphincter with-
outa plane of dissection and are recognisable in 66%
(FRUDINGER et al. 2002).

Fig. 4.4.7. Coronal image showing the longitudinal
muscle from the rectum (LM) joining the puboana-
lis (PA) to form the conjoined longitudinal muscle
(Conj m)
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Fig. 4.4.9. The puboanalis (PA) rises from the medial border

Fig.4.4.8. Coronal image showing the of the puborectalis (PR), joining the longitudinal muscle of the
typical hook-like appearance of the sub- rectum (LM) to form the longitudinal layer (arrow). The trans-
cutaneous external anal sphincter verse perineii is seen to fuse with the external anal sphincter

Fig. 4.4.11. The transverse perineii (TP) tend to be better
defined in men and join the centre point of the perineum,
creating a gap (arrow) between the transverse perineii and
the external anal sphincter (EAS), whereas in women the
transverse perineii fuse into the external sphincter directly

Fig. 4.4.10. The puboanalis (arrows) is a triangular low re-
flective segment medial to the puborectalis (PR)
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Anatomical Differences between Sexes

In men the external sphincter is a more symmetric
cylinder of less reflective muscle and so easier to
delineate than in women. In women the puborec-
talis is a well-defined “U”-shaped structure with
a striated texture and 6 mm in mean thickness
(FRUDINGER et al. 2002) with a hypoechoic segment
posteriorly representing the anococcygeal liga-
ment. Anteriorly the perineal body seems amor-
phous and devoid of any structure, as it is mainly
fibroelastic in content. The edges of the anterior
aspect of the external sphincter slope downwards
to meet in the midline (Fig. 4.4.12) in the mid ca-
nal, and it is not until this level that there is a
complete cylinder of striated muscle in women. On
3D studies (WiLLiaMs et al. 2000), no significant
difference in length between the sexes was found
for the puborectalis (mean of 23.9 mm in men, 27.1
in women), nor for the internal sphincter (mean
34.4 mm, 33.2 mm, respectively), but there was a
significant difference in the length of the external
sphincter in all planes (anterior - 30.1:15.6; coro-
nal - 31.6:19.5; posterior — 29.3:16.5, respectively).
This confirms that the external sphincter is gen-
erally shorter, particularly anteriorly in women
(Fig. 4.4.13), which is supported by endoanal MR
studies (Rocr1u et al. 2000).

Fig. 4.4.12. A 3D view in a woman of the external sphincter
sloping down to an intact anterior ring (arrows) with the
transverse perineii (TP) fusing into this from each side

Fig. 4.4.13. Sagittal view of the moderately reflective exter-
nal sphincter (EAS) caudal to the low reflective perineal body
(PB), showing how this is shorter anteriorly in the female

Effects of Ageing

The internal anal sphincter is not constant in thick-
ness. In neonates it is very thin (< 1 mm), measuring
1-2 mm in young adults, 2-3 mm in middle age and
3-4 mm in the elderly. A slight increase in reflec-
tivity of the sphincter as it becomes thicker is also
secondary to an increased connective tissue con-
tent. The external sphincter thins significantly in
older nulliparous women, but the longitudinal layer,
subepithelium or puborectalis was unchanged on
endosonography (FRUDINGER et al. 2002), although
the longitudinal layer has been shown to thin on
endoanal MRI (Rocru et al. 2000). MR provides a
more definitive measurement as it does not rely on
interface reflections for measurement of some lay-
ers, which may explain these discrepancies.

Internal Anal Sphincter Abnormalities

The internal sphincter may show abnormalities of
thickness or of loss of integrity. The sphincter may
be either too thick or too thin for the patient’s age.
An abnormally thick sphincter (Fig. 4.4.14) may be
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Fig. 4.4.14. A thick internal anal sphincter (4.3 mm between
markers) in a 36-year-old woman with solitary rectal ulcer
syndrome

seen occasionally with uncomplicated constipation,
but is invariably present in the solitary rectal ulcer
syndrome with a 91% positive predictive value for
high-grade rectal intussusception (MARSHALL et al.
2002) and is associated with intra-anal intussuscep-
tion or rectal prolapse. A thick sphincter is an indi-
cation for evacuation proctography to exclude rectal
prolapse if the diagnosis has not been made clini-
cally. The internal sphincter and submucosa may
become elliptical and thicker in the upper part of
the canal (DvORKIN et al. 2004). The mechanism for
this is uncertain and may just be secondary to me-
chanical stimulation from prolonged intussuscep-
tion. Distension from a major rectal prolapse often
damages the internal sphincter so that it becomes
fragmented. A very rare condition is hereditary in-
ternal anal sphincter myopathy (Kamm et al. 1991),
which produces a severe proctalgia fugax-type syn-
drome with gross thickening of the internal sphinc-
ter (Fig. 4.4.15). Proctalgia fugax is not uncommon,
and in one series significant thickening of the in-
ternal anal sphincter was found in 30% (GrAcCIA
SoLANAs et al. 2005), so that endosonography may
be used to determine which patients might be suit-
able for myectomy.

The internal sphincter should become thicker
with age, but it is notable that in many patients with
passive incontinence the internal sphincter is rather
thin (Fig. 4.4.16). The cause of this is unknown, but

Fig. 4.4.15. Hereditary internal sphincter myopathy with a
7.6-mm internal sphincter thickness in a 76-year-old female
with a long history of severe proctalgia fugax. Her mother
had a similar history, and her daughter in her early 50s had
just started having a similar pain

Fig. 4.4.16. A 70-year-old man with passive faecal inconti-
nence. The sphincters are intact, but the internal sphincter
is abnormally thin for this age, measuring 1.1 mm, indicative
of internal sphincter degeneration




108

C. l. Bartram

an internal sphincter of <2 mm thickness in a pa-
tient >50 years old is abnormal and may be called
primary degeneration of the internal sphincter
(VAIZEY et al. 1997).

Lateral internal anal sphincterotomy was a com-
mon procedure prior to pharmacological treatments
for anal fissure, but is now performed mainly for
chronic unresponsive cases. The objective is to divide
only the lower third of the internal sphincter. The
cut ends spring apart, leaving a small gap that is eas-
ily visible on endosonography. If the entire internal
sphincter is cut, the patient may not be totally incon-
tinent, but will certainly have some degree of incon-
tinence. Unfortunately this is easily done (SULTAN et
al. 1994a) (Fig. 4.4.17), suggesting the dentate line in
women may not be a reliable reference point for the
extent of sphincter division. In symptomatic patients
who have been operated on, endosonography is use-
ful to show how much, if any, of the internal sphinc-
ter has been divided, and to rule out any underlying
sepsis. The coronal view may be used to calculate the
percentage of sphincter divided (Fig. 4.4.18).

Abnormal dilatation of the anal canal for any rea-
son or a stretch procedure may damage the inter-
nal sphincter. Stretch procedures are not performed
as regularly as they were some years ago, but cases
with sphincter disruption following this are still a
relatively common finding (Fig. 4.4.19) and exhibit
a range of changes from marked irregularity of the

sphincter thickness, gross thinning of a segment, to
fragmentation where only irregular isolated rem-
nants of sphincter remain. Haemorrhoidectomy is
also a cause of internal sphincter disruption, either
from a stretch procedure being performed at the
same time or from inadvertent division of part of
the sphincter.

Fig. 4.4.18. Coronal view allows exact calculation of how
much of the internal sphincter (arrows) has been divided

Fig. 4.4.17. Complete division of the internal anal sphincter
with a defect (arrows) high in the canal at the level of the
puborectalis (PR)

Fig. 4.4.19. Fragmentation of the internal anal sphincter fol-
lowing an anal stretch procedure
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External Anal Sphincter Abnormalities

As with the internal anal sphincter, the external
anal sphincter may be torn or abnormal in muscle
fibre density. The latter is a complex issue, and one
of the main indications for endoanal ultrasound is
determining if the sphincter has been disrupted by
childbirth. Direct trauma, from penetrating injuries
or road traffic accidents, is quite rare by comparison
(Fig. 4.4.20).

Tears from childbirth result either from over-
stretching, or possibly extension from an episiotomy,
and may be complete or partial. The ruptured area
heals with granulation tissue and fibrosis, forming
a relatively homogeneous low-reflectivity segment
within the external sphincter, usually involving
other layers, particularly the longitudinal layer, and
often the internal sphincter (Fig. 4.4.21).

Atrophy is undoubtedly the commonest ab-
normality, but unfortunately the most difficult to
recognise on endosonography. The endocoil MRI
criteria for external anal sphincter atrophy have
been discussed elsewhere (Chap. 4.6). The reason
that atrophy is difficult to diagnose relates to the
histopathology of atrophy and how the outer bor-
der of the external sphincter is detected on sonog-

raphy. Atrophy involves loss of muscle fibres with
fat replacement diminishing the normal muscle to
the subadventitial fat ratio to the extent that the
acoustic interface on the outer border of the exter-
nal sphincter will be lost, making a precise mea-
surement of the thickness of the external sphincter
impossible. The inability to recognise the outer
border of the external sphincter may in itself be ab-
normal (Fig. 4.4.22), and coupled with a thin inter-
nal sphincter (<2 mm) gives a positive predictive
value of 74% for atrophy (WILLIAMS et al. 2001b).
As might be predicted, attempts to measure the ex-
ternal sphincter on 3D endosonography are not reli-
able for assessing atrophy (WEsT et al. 2005). How-
ever, using a scoring system of mild, moderate and
severe based on the clarity of the outer interface, the
reflectivity pattern of the external sphincter and its
length, good correlation with MR has been found
(CazeMIER et al. 2006). The texture of the exter-
nal sphincter is therefore important. In women the
normal subcutaneous part is hyper-reflective, with
the deep and superficial parts more hypo-reflective
with a striated pattern, whereas with atrophy the
deep and superficial parts are amorphously hyper-
reflective with loss of definition of the outer border.
These sonographic changes all reflect the increased
fat within the muscle layer, and therefore imply the
presence of atrophy.

Fig. 4.4.20. Partial rupture of the sphincter with well-de-
fined segmental scarring and acoustic shadowing (arrows)
from this in a young boy who fell on a wooden stake

Fig. 4.4.21. Obstetric tears to the external sphincter (EAS),
longitudinal layer (LL), and internal sphincter (IAS) between
10 and 1 o’clock
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Fig. 4.4.22. External sphincter atrophy in a middle-aged
woman with faecal incontinence. The sphincters are intact.
The internal sphincter is thin (< 2 mm), but the interface be-
tween the longitudinal layer and the external sphincter as
well as the outer border of the external sphincter is poorly
defined, making it impossible to assess the thickness of the
external sphincter

Obstetric Trauma

Always examine in the prone (or lithotomy) position
and assess the symmetry of the anal sphincters and
perineal structures. Obstetric trauma affects only
the anterior aspects of the sphincters, and disrup-
tion in the posterior half of the sphincters is due
to some other cause. The extent of internal anal
sphincter disruption usually matches that of the
external sphincter. Internal sphincter tears do not
occur without external sphincter damage. External
sphincter continuity should be checked as the probe
is slowly withdrawn, looking for the anterior parts
coming together centrally to form a complete ring
in the mid canal. If this is eccentric, it is a pointer
for a tear. This may be confirmed on coronal imag-
ing (Fig. 4.4.23). A tear should be mapped out in
hours and longitudinal extent. Many involve just
the upper part of the external sphincter, but may
extend throughout its length. A complete tear of the
perineum and sphincters results in a cloacal-type
defect (Fig. 4.4.24).

Fig. 4.4.23. Small anterior external sphincter tear 12-1
clearly visible on 3D imaging. Large obstetric tear between
10 and 2 o’clock (arrows) involving both the internal and
external anal sphincters

Fig. 4.4.24. Major obstetric tear with complete disruption of
the perineum and only the posterior halves of the internal and
external sphincters remaining, creating a cloacal defect

The reported incidence of obstetric trauma on en-
dosonographyvaries from 11-35%, with an overall in-
cidence of 26.9% from a meta-analysis (OBERWALDER
etal.2003). Thisis very close to the incidence of 24.5%
found on careful clinical examination immediately
post partum by ANDREWS et al. (2006) who question
the concept of “occult” tears, i.e. those found on en-
dosonography when no tear has been reported clini-
cally, suggesting that these are simply missed by cur-
rent routine perineal inspection.
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The differentiation of sphincteric from perineal
tears may also be relevant. Tears of the transverse
perineii and/or puboanalis are common, but do not
affect sphincter pressures and may not therefore be
functionally significant (WiLL1AMS et al. 2001a).

Tears to the puboanalis create an area of low-re-
flective widening between the puborectalis and up-
per external sphincter that may be traced into the
puboanalis (Fig. 4.4.25), whereas tears to the trans-
verse perineii are just below the puborectalis and
lateral to the external sphincter (Fig. 4.4.26). Tears
may also involve the pelvic floor muscles, such as the

Fig. 4.4.25. Tear involving the left puboanalis (PA) with
widening of the longitudinal layer (arrow) (compare to
Fig. 4.4.10)

Fig. 4.4.26. Tear of the left transverse perineus (arrow)
(compare to Figs. 4.4.11 and 4.4.12), lying caudal to the exter-
nal sphincter ring. The right transverse perineus is intact

Fig. 4.4.27. Tear (arrow) of the right puborectalis (PR)

puborectalis (Fig. 4.4.27), but these are more clearly
visualised on MRI (KEARNEY et al. 2006).

Caesarean section is not associated with any
sphincter trauma. Damage is most frequent dur-
ing the first delivery and with forceps assistance.
There may be some permanent changes even when
there is no tear. An initial study suggested thinning
of the anterior external sphincter (FRUDINGER et
al. 1999) and other layers. However, this was not a
matched pre- and post-delivery study, and a later
matched study (WiLL1AMS et al. 2002) did not show
any change in layer thickness. The only significant
post-partum alteration was slight shortening of the
external anal sphincter (21.7:20.5-mm post delivery)
and increased angulation of the anterior segment
(10:13.8° post delivery). Thinning of the perineal
body has been noted in women with faecal incon-
tinence post partum (MARTINEZ HERNANDEZ et
al. 2003). This may be measured with endoanal ex-
amination using light digital contact with the inner
perineum (ZETTERSTROM et al. 1998) to create a re-
verberation echo. A normal thickness of 12+3 mm
was found.

Third-degree tears, based on clinical detection,
have an incidence of 0.6-9%. Endosonography af-
ter primary repair suggests that 90% have a persis-
tent defect (STARCK et al. 2006), which increases in
size between 1 week and 3 months post repair, but
thereafter remains unchanged. A relationship was
found between larger defects, lower sphincter pres-
sures and the higher risks of anal incontinence. In
another study canal pressures were significantly
lower with persistent combined defects compared




112

C. l. Bartram

to an intact sphincter after repair. Several stud-
ies have explored the relationship between the ra-
dial and longitudinal extent of sphincter tears and
pressure changes. No difference in squeeze pres-
sure has been found between partial or complete
external sphincter tears, nor between < or >25%
circumferential tears, but resting pressure was re-
duced in full-length external sphincter tears and
with internal sphincter fragmentation (Voyvopic
et al. 2003). However, in an incontinent group full-
length external sphincter tears were associated
with a lower squeeze pressure and internal sphinc-
ter defects with a lower resting pressure (TITI et
al. 2007), and in another paper internal sphincter
tears were significantly related to post-obstetric in-
continence (MAHONY et al. 2007). Tears and their
size appear to have a significant relationship to
symptoms (DAMON et al. 2002).

Anismus, Rectocoele and Prolapse

The mechanism for anismus is thought to be para-
doxical contraction of the pelvic floor during strain-
ing, and endosonography has been used with a lin-
ear probe to show that the puborectalis becomes
shorter and thicker than controls during straining
(VAN OUTRYVE et al. 2002), and on dynamic 3D
that the angle between the puborectalis and the ca-
nal is significantly different also during straining
(MURAD-REGADAS et al. 2007).

Endoanal Ultrasound in Relation to
Other Techniques

Endocoil MR is discussed in detail in Chapter 4.6.
When comparing these modalities, it is important to
remember that experience is probably the most im-
portant factor in interpretation, although there are
inherent differences that can tip the balance when
looking for certain features. The internal sphincter
is easier to see on endosonography, the external on
MR as there is a clear distinction between muscle
and fat. This also makes it easier to see major exter-
nal sphincter tears on MR where there is fat replace-

ment between the torn ends, and with experience it
is easy to differentiate between scar tissue, which is
homogeneous and more hypointensive compared to
striated muscle on MRI. As one might expect, there-
fore several recent studies have found comparable
performance for sphincter tears (CAZEMIER et al.
2006; DOBBEN et al. 2007; PINTA et al. 2004; WEST et
al. 2005), with a preference for endosonography for
the internal sphincter, but a definite advantage for
MR in detecting external sphincter atrophy.

Endosonography is not the only method to image
the anal sphincters, particularly in women where
a transvaginal end-fire probe may be placed in the
distal vagina/perineum and angled backwards to vi-
sualise the sphincters. This provides a unique view
of the sphincter in its closed state. The anal cushions
are seen (Fig. 4.4.28), and the subepithelial thickness
may be measured. The internal sphincter is slightly
thicker than on endoanal examination as it is not
being stretched (SUuLTAN et al. 1994b).

Good results have been reported for sphinc-
ter damage (PESCHERS et al. 1997; STEWART and
WILsON 1999; TIMOR-TRITSCH et al. 2005). Although
one study suggested this was an unreliable method
(FRUDINGER et al. 1997) for demonstrating sphinc-
ter tears, this may have reflected the type of probe
used in this study. However, an inherent limitation
remains with transvaginal/perineal ultrasound in
orientating the probe to view the anal canal in right

Fig. 4.4.28. Perineal ultrasound showing the anal cushions
(arrow) in the closed canal, with a slightly thicker internal
sphincter
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angles throughout its length. In this respect, endo-
anal ultrasound remains the gold standard for de-
tecting sphincter damage.

The pelvic floor may also be viewed by placing a
probe on the perineum (see Chap. 4.5), and scanning
in the sagittal and coronal planes with movement of
the pelvic floor can be observed during straining and
squeezing. The position of the puborectalis, bladder
neck and anorectal angle may be measured. During
straining, rectocoeles, cystocoeles and enterocoeles
may be apparent and rectal intussusception imaged.
Dynamic transperineal ultrasound has considerable
potential as a simple, cheap and relatively non-in-
vasive technique. Its relationship to other imaging
methods and reliability await further assessment.
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Introduction

Physicians dealing with female pelvic organ pro-
lapse, urinary and faecal incontinence and defeca-
tion disorders are slowly realising that clinical as-
sessment alone is a very inadequate tool to assess
pelvic floor function and anatomy. Our examina-
tion skills are limited, focusing on surface anatomy
rather than true structural abnormalities, and re-
currence after pelvic reconstructive surgery is com-
mon (DELANCEY 2005).

H. P. D1etz, MD, PhD, FRANZCOG, DDU, CU

Associate Professor in Obstetrics and Gynaecology, Nepean
Clinical School, University of Sydney, Nepean Hospital, Penrith
NSW 2750, Australia

While it may be possible to improve clinical as-
sessment skills, this is unlikely to happen unless we
allow imaging techniques to demonstrate what the
actual problems are. To give just one example: the
missing link between vaginal childbirth and pro-
lapse - major levator trauma in the form of avulsion
of the anteromedial aspects of the puborectalis mus-
cle off the pelvic sidewall (D1ETZ and LANZARONE
2005; KEARNEY et al. 2006a) - is palpable, but pal-
pation of levator trauma requires considerable skill
and teaching (DIETZ et al. 2005b; KEARNEY et al.
2006b; D1ETZ and SHEK 2008), preferably with imag-
ing confirmation. Certainly, diagnosis by imaging is
alot more reproducible than diagnosis by palpation,
and much easier to teach. And suspected levator
trauma or abnormal distensibility (‘ballooning’) is
by no means the only reason to perform pelvic floor
imaging (see Table 4.5.1).

Table 4.5.1. Indications for pelvic floor ultrasound

® Recurrent urinary tract infections

e Urgency, frequency, nocturia and/or urge urinary
incontinence

Stress urinary incontinence
Insensible urine loss
Bladder-related pain
Persistent dysuria

Symptoms of voiding dysfunction

Symptoms of prolapse, i.e., the sensation of a lump or a
dragging sensation.

e Symptoms of obstructed defecation such as straining at
stool, chronic constipation, vaginal or perineal digita-
tion and the sensation of incomplete bowel emptying

@ Faecal incontinence

® Pelvic or vaginal pain after anti-incontinence or pro-
lapse surgery

e Vaginal discharge or bleeding after anti-incontinence
or prolapse surgery
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Equipment and Examination Technique

Basic requirements for translabial pelvic floor ultra-
sound include a B mode-capable 2D US system with
cine loop function, a 3.5-6 Mhz curved array trans-
ducerandavideoprinter. Amidsagittalviewisobtained
by placing a transducer (usually a curved array with
frequencies between 3.5 and 8 MHz) on the perineum
(see Fig. 4.5.1a), after covering the transducer with a
glove, condom or thin plastic wrap. Recommenda-
tions for sterilisation of external transducers vary
from one institution and country to another, ranging
from alcoholic wipes to clean the transducer between
patients (which the author considers sufficient) to an
institutional requirement for sterilization.

Powdered gloves can markedly impair imaging
quality due to reverberations and should be avoided.
Imaging is usually performed in dorsal lithotomy,
with the hips flexed and slightly abducted, or in the
standing position. Requiring the patient to place her
heels close to the buttocks will result in an improved
pelvic tilt. Bladder filling should be specified; usu-
ally prior voiding is preferable. The presence of a full
rectum may impair diagnostic accuracy and some-
times necessitates a repeat assessment after bowel
emptying. Parting of the labia can improve image
quality which generally is best in pregnancy and
poorest in postmenopausal women with marked
atrophy, most likely due to varying hydration of tis-

sues. Vaginal scar tissue can also impair visibility,
but obesity virtually never seems to be a problem.

The transducer can usually be placed firmly
against the symphysis pubis without causing sig-
nificant discomfort, unless there is marked atrophy.
The resulting image includes the symphysis anteri-
orly, the urethra and bladder neck, the vagina, cer-
vix, rectum and anal canal (see Fig. 4.5.1b). Poste-
rior to the anorectal junction a hyperechogenic area
indicates the central portion of the levator plate, i.e.,
the puborectalis muscle. The cul de sac may also be
seen, filled with a small amount of fluid, echogenic
fat or peristalsing small bowel. Parasagittal or trans-
verse views may yield additional information, e.g.
enabling assessment of the pubovisceral muscle and
its insertion on the arcus tendineus of the levator
ani, and for imaging of transobturator implants.

While there has been disagreement regarding im-
age orientation in the midsagittal plane, the author
prefers an orientation as on conventional transvagi-
nal ultrasound (cranioventral aspects to the left,
dorsocaudal to the right). The latter also seems more
convenient when using 3D/4D systems. In Figure 4.5.2
one can see the standard representation of a 3D vol-
ume of the pelvic floor. The top left (a) represents the
midsagittal plane, with the bottom left (c) being an
axial plane slice, and the bottom right representing a
rendered volume showing the levator hiatus (d).

The following paragraphs will describe the main
clinical applications of the method in urogyneco-
logical imaging.

urethra vagina
\ /
canal
symphysis
bladder
ampulla
recti
l cul de sac

cranial

Fig. 4.5.1a,b. Transducer placement on the perineum (a) and schematic representation of imaging in the midsagittal plane.
a, courtesy of Dr Nelinda Pangilinan, Manila; b, adapted from Ultrasound Obstet Gynecol 2004; 23:80-92, with permis-

sion
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Inferior pubic rami

Fig. 4.5.2a-d. Standard acquisition screen of 3D pelvic floor ultrasound. The midsagittal plane is shown in (a), the coronal
plane in (b), the axial plane in (c) and a rendered axial plane (i.e. a semitransparent representation of all pixels in the box
seen in (a-c) in (d). From Ultrasound Bulletin 2007; 10: 17-23, with permission

Anterior Compartment

The original indication for pelvic floor ultrasound
was (and still is) the assessment of bladder neck mo-
bility and funnelling of the bladder neck, both of
which are considered important in women with uri-
nary incontinence. Figure 4.5.3 shows the standard
orientation used to describe bladder neck mobility.
The position of the bladder neck is determined rela-
tive to the inferoposterior margin of the symphysis
pubis, and comparative studies have shown good cor-
relations with radiological methods previously used
for this purpose (for an overview see DIETZ 2004a).
The one remaining advantage of X-ray fluoroscopy
may be the ease with which the voiding phase can
be observed although some investigators have used
specially constructed equipment to document void-
ing with ultrasound (SCHAER et al. 1998).

4.5.3.1
Bladder Neck Position and Mobility

Bladder neck position and mobility can be assessed
with a high degree of reliability. Points of reference
are the central axis of the symphysis pubis (ScHAER
et al. 1995) or its inferoposterior margin (D1ETZ and
WiLsoN 1998). The full bladder is less mobile (D1eTZ
and WiLsoN 1999) and may prevent complete devel-
opment of pelvic organ prolapse. It is essential to not
exert undue pressure on the perineum so as to allow
full development of pelvic organ descent. Measure-
ments of bladder neck position are performed at
rest and on maximal Valsalva, and the difference
yields a numerical value for bladder neck descent.
On Valsalva, the proximal urethra may be seen to
rotate in a postero-inferior direction. The extent of
rotation can be measured by comparing the angle
of inclination between the proximal urethra and
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any other fixed axis. Some investigators measure
the retrovesical angle (RVA or posterior urethro-
vesical angle PUV) between the proximal urethra
and trigone; others determine the angle y between
the central axis of the symphysis pubis and a line
from the inferior symphyseal margin to the bladder
neck (MARTAN et al. 2001). The reproducibility of
bladder neck descent seems good, with intraclass
correlations of 0.75 or better, indicating ‘excellent’
agreement (DIETZ et al. 2003).

There is no definition of ‘normal’ for bladder neck
descent although cutoffs of 20 and 25 mm have been
proposed to define hypermobility. Bladder filling,
patient position and catheterization all have been
shown to influence measurements (see DiETZ 2004
for an overview), and it can occasionally be quite
difficult to obtain an effective Valsalva manoeuvre,
especially in nulliparous women who routinely co-
activate the levator muscle (OERNO and D1eTZ 2007).
Perhaps not surprisingly, publications to date have
presented widely differing reference measurements
in nulliparous women. While two recent series doc-
umented mean or median bladder neck descent of

only 5.1 mm (REED etal. 2002) and 5.3 mm (BRANDT
etal. 2000) in continent nulliparous women, another
study on 39 continent nulliparous volunteers mea-
sured an average of 15 mm of bladder neck descent
(PEscHERS et al. 2001). The author has obtained
measurements of 1.2-40.2 mm (mean 17.3 mm) in
a group of 106 stress continent nulligravid young
women of 18-23 years of age (DIETZ et al. 2004). It
is likely that methodological differences account for
the above discrepancies, with all known confound-
ers tending to reduce descent.

The aetiology of increased bladder neck descent
is likely to be multifactorial. The wide range of
values obtained in young nulliparous women sug-
gests a congenital component. Vaginal childbirth is
probably the most significant environmental factor
(PEScHERS et al. 1996; DieTz and BENNETT 2003),
with a long second stage of labour and vaginal oper-
ative delivery associated with increased postpartum
descent. This association between increased bladder
descent and vaginal parity is also evident in older
women with symptoms of pelvic floor dysfunction
(D1eTZ et al. 2002a).

Valsalva

Fig. 4.5.3. Pelvic floor ultrasound, midsagittal plane. The image on the left is taken at rest; the one on the right is on maximal
Valsalva. From Ultrasound Bulletin 2007; 10: 17-23, with permission




Pelvic Floor Ultrasound

119

4.5.3.2
Funneling

In patients with stress incontinence, but also in as-
ymptomatic women (SCHAER et al. 1999), funneling
of the internal urethral meatus may be observed on
Valsalva and sometimes even at rest. Funneling is
often (but not necessarily) associated with leakage.
Other indirect signs of urine leakage on B-mode re-
altime imaging are weak gray-scale echoes (‘stream-
ing’) and the appearance of two linear (‘specular’)
echoes defining the lumen of a fluid-filled urethra.
However, funneling may also be observed in urge
incontinence and can’t be used to prove USI. Its ana-
tomical basis is unclear. Marked funneling has been
shown to be associated with poor urethral closure
pressures (DieTz and CLARKE 2001a; HuaNG and
YaNG 2003).

4.5.3.3
Colour Doppler

Colour Doppler ultrasound can demonstrate urine
leakage on Valsalva manoeuvre or coughing (DIETZ
et al. 1999). Agreement between colour Doppler and
fluoroscopy was high in a controlled group with in-
dwelling catheters and identical bladder volumes
(D1eTZ and CLARKE 2001b). Both velocity and en-
ergy mapping were able to document leakage. CDV
was slightly more likely to show a positive result,
probably due to its better motion discrimination.
Colour Doppler imaging may also facilitate the doc-
umentation of leak point pressures (MASATA et al.
2001). Whether this is in fact desired will depend on
the clinician and his/her preferences, and one may
well argue that urine leakage and leak point pres-
sures can be determined much more easily.

4.5.3.4
Cystocele

Clinical examination is limited to grading anterior
compartment prolapse, which we call ‘cystocele’. In
fact, imaging will identify a number of anatomical
situations that are difficult, if not impossible, to dis-
tinguish clinically. There are at least two types of
cystoceles with very different functional implica-
tions (see Fig. 4.5.4). A cystourethrocele is associated
with above-average flow rates and urodynamic stress
incontinence (top pair of images), while a cystocele

with intact retrovesical angle (bottom pair of images)
is generally associated with voiding dysfunction and
a low likelihood of stress incontinence (DIETZ et al.
2002b). In addition, occasionally a protrusion of the
anterior vaginal wall will turn out to be due to a ure-
thral diverticulum (see Fig. 4.5.5 for a 3D representa-
tion of an unusual anterior urethral diverticulum), a
Gartner duct cyst or an anterior enterocele, all likely
to be missed on clinical examination. Urethral di-
verticulae are often overlooked for years in women
with recurrent bladder infections and symptoms of
frequency, urgency and pain or burning on voiding,
until imaging is undertaken. Urethral structure and
spatial relationships are much better appreciated in
the axial plane (see Fig. 4.5.5), which is particularly
useful in the differential diagnosis of Gartner cyst
and urethral diverticulum.

4.5.3.5
Implants

Recently, synthetic suburethral slings have become
very popular. Ultrasound can confirm the presence
of such a sling, distinguish between transobturator
and retropubic implants, especially when examin-
ing the axial plane (see Fig. 4.5.6), and may even al-
low an educated guess regarding the exact type and
material of the tape (DIETZ et al. 2005b). As these
implants are highly echogenic, ultrasound is supe-
rior to MR in identifying such meshes (SCHUETTOFF
et al. 2006) and has helped elucidate their mode of
action (D1ETZ and WILSON 2004).

There is a worldwide trend towards implanta-
tion of permanent vaginal wall meshes, especially
for recurrent prolapse, and complications such as
failure and mesh erosion are not that uncommon.
Polypropylene meshes such as the Prolift®, Perigee®
and Apogee® are highly echogenic, and their visibil-
ity is limited only by persistent prolapse and trans-
ducer distance and alignment. Three-dimensional
translabial ultrasound has demonstrated that the
implanted mesh often ‘shrinks’, or more likely, does
not remain as flat as it was on implantation (DIETZ et
al. 2006a; TUNN et al. 2007; Shek et al. 2008a). Surgi-
cal technique seems to play a role here as fixation of
mesh to underlying tissues results in a flatter, more
even appearance. The position, extent and mobil-
ity of vaginal wall mesh can be determined, helping
with the assessment of individual technique, and
ultrasound may uncover complications such as dis-
lodgment of anchoring arms (SHEK et al. 2007).
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Fig. 4.5.4a-d. The two main types of cystocele as imaged on maximal Valsalva in the midsagittal plane: a,b Cystoure-
throcele associated with urinary stress incontinence and good voiding function, and an ‘isolated cystocele’ (c,d) associated
with prolapse and voiding dysfunction rather than stress incontinence. From Ultrasound Bulletin 2007; 10: 17-23, with

permission

Clearly, translabial 4D ultrasound will be useful
in determining functional outcome and location of
implants, and will help in optimizing both implant
design and surgical technique. Finally, most of the
injectables used in anti-incontinence surgery are
also highly echogenic and can be visualized as a hy-
perechoic donut shape surrounding the urethra.

4.5.3.6
Other Findings

Translabial ultrasound may detect foreign bodies
or bladder tumours (DieTz 2004a; TUNN et al. 2003)
and can be used to determine residual urine, using
a formula originally developed for transvaginal ul-
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Urethra

Fig. 4.5.5a-d. Anterior urethral diverticulum on 3D pelvic floor ultrasound. The orthogonal planes (a-c)
clearly illustrate the location and extent of the diverticulum. From Ultrasound Bulletin 2007; 10: 17-23, with
permission

Symphysis Symphysis
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Fig. 4.5.6. Suburethral slings as seen on translabial ultrasound, axial plane. The TVT (left) is curving ven-
trally, while the Monarc arcs laterally towards the insertion of the levator ani muscle. From Ultrasound Bul-
letin 2007; 10: 17-23, with permission
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trasound (HAYLEN et al. 1989). While detrusor wall
thickness (DWT) has probably been overrated as a
diagnostictoolin the context of detrusor overactivity
(YaNG and HuaNG 2003; LEKSKULCHAI and DIETZ
2008), increased DWT is associated with symptoms
of the overactive bladder (LEKSKUuLCHAI and DIETZ
2008; RoBINSON et al. 2002), and may be a predictor
of postoperative de novo urge incontinence and/or
detrusor overactivity after anti-incontinence pro-
cedures (ROBINSON et al. 2005). As opposed to the
situation in the male, DWT in women is not pre-
dictive of voiding dysfunction (LEKSKULCHAI and
D1tz 2006Db).

Central Compartment

Tranbslabial ultrasound is somewhat less useful in
the assessment of central compartment prolapse.
Generally, uterine prolapse is obvious clinically, as is
vaginal vault descent. Having said that, translabial
ultrasound may graphically show the effect of an
anteriorized cervix in women with an enlarged, ret-
roverted uterus. This finding may help in explaining
symptoms of voiding dysfunction and supporting
surgical intervention in order to improve voiding
in someone with a retroverted fibroid uterus. On
the other hand, mild descent of an anteverted uterus
may result in compression of the anorectum, ex-
plaining symptoms of obstructed defecation — a
situation that is termed a ‘colpocele’ on defecation
proctogram.

Posterior Compartment

Itis in the posterior compartment where pelvic floor
ultrasound is particulary useful. Clinically we diag-
nose ‘rectocele’, quite unaware that several different
conditions can lead to prolapse of the posterior vagi-
nal wall. A clinical second degree rectocele could
be due to a true rectocele, i.e. a defect of the recto-
vaginal septum (most common, and associated with
symptoms of prolapse, incomplete bowel emptying
and straining at stool) (DieTz and Korpa 2005),
due to an abnormally distensible, intact rectovagi-
nal septum (common and associated only with pro-
lapse symptoms), a combined recto- enterocele (less
common), an isolated enterocele (uncommon), or
just a deficient perineum giving the impression of a
‘bulge’ (D1ETZ and STEENSMA 2005a). Occasionally a
‘rectocele’ turns out to be due to rectal intussuscep-
tion, an early stage of rectal prolapse, where the wall
of therectumis inverted and enters the anal canal on
Valsalva, propelled by an entorocele; see Figure 4.5.7
for a comparison of three of those conditions.
When a rectocele or rectal intussusception is
identified on translabial imaging, one may want to
provide the patient with visual biofeedback. Dem-
onstrating that straining at stool is obviously coun-
terproductive may help in modifying behaviour.
Several studies have recently shown that ultrasound
is much better tolerated than defecation proctog-
raphy, and of course it is much cheaper. If there is
a rectocele or a rectal intussusception/prolapse on
ultrasound, this condition is very likely to be found
on X-ray imaging (PERNIOLA et al. 2008; STEENSMA

Intus-
susceptien

Entero-
cele

Fig. 4.5.7. The distinction between a ‘true rectocele’, i.e. a defect of the rectovaginal septum (shown by the left image), peri-
neal hypermobility, i.e. descent of the rectal ampulla without fascial defect (middle image) and rectal intussusception (right
image). All three conditions can manifest as a clinical ‘rectocele’ and are impossible to distinguish on examination
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et al. 2007a; KoNSTANTINOVIC et al. 2007). Conse-
quently, it is likely that ultrasound will become an
alternative to the radiological technique in the ini-
tial investigation of women with defecation disor-
ders, avoiding ionizing radiation.

Assessment of the anal sphincter is the subject
of Chapter 1 in this book and will receive full con-
sideration there. The anal sphincter is generally
imaged by endo-anal ultrasound. This method is
firmly established as one of the cornerstones of a
colorectal diagnostic workup for anal incontinence
and beyond the scope of this review. Due to the lim-
ited availability of such probes in gynaecology, ob-
stetricians and gynaecologists have taken to using
high-frequency curved array or endovaginal probes
placed exo-anally, i.e. transperineally, in the coro-
nal rather than the midsagittal plane (PESCHERS et
al. 1997; KLEINUBING et al. 2000; YAGEL and VALSKY
2006). There are advantages to this approach — not
just from the point of view of the patient. Exo-anal
imaging (see Fig. 4.5.8) reduces distortion of the
anal canal and allows dynamic evaluation of the
anal sphincter and mucosa at rest and on sphincter
contraction, which seems to enhance the definition
of muscular defects. However, resolutions are likely
to be inferior (CORNELIA et al. 2002) to those ob-
tained by endoanal ultrasound, and good compara-
tive studies are still lacking.

- f-
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The Axial Plane

The development of 3D/4D ultrasound has allowed
us access to the axial plane, without the intrusive-
ness and distortion associated with an endovaginal
or endoanal probe‘. External imaging also has ad-
vantages when it comes to the observation of ma-
noeuvres and of their effect on muscle and fascia.
This is of major importance as most of the struc-
tures providing pelvic organ support are located
lateral to the midline. A single volume obtained
at rest with an acquisition angle of 70 degrees or
higher will include the entire levator hiatus with
symphysis pubis, urethra, paravaginal tissues, the
vagina, anorectum and pubovisceral (puborectalis/
pubococcygeus part of the levator ani) muscle from
the pelvic sidewall in the area of the arcus tendineus
of the levator ani (ATLA) to the posterior aspect of
the anorectal junction. A Valsalva manceuvre how-
ever may result in lateral or posterior parts of the
puborectalis being displaced outside the field of vi-
sion, especially in women with significant prolapse.
For this reason higher acquisition angles of 80 or
85 degrees are preferable in pelvic floor imaging.
For technical details on volume data acquisition see
(D1eTZ 2004Db).

Defect '

g « \\_____ ]

Fig. 4.5.8. Findings after repair of third degree tears. The image on the left shows an excellent repair with no discernible
scarring of the external anal sphincter (EAS). The central image shows mild scarring in an asymptomatic patient. The
right image illustrates a major residual defect that was palpable and associated with flatus incontinence. From: Pelvic Floor
Ultrasound, 2007 Springer Verlag London, with permission




124

H. P. Dietz

4.5.6.1
Display Modes

Figure 4.5.2 demonstrates the two basic display
modes currently in use on 3D ultrasound systems.
The multiplanar or orthogonal display mode shows
cross-sectional planes through the volume in ques-
tion. For pelvic floor imaging, this most conve-
niently means the midsagittal (top left), the coro-
nal (top right) and the axial plane (bottom left).
Imaging planes on 3D ultrasound can be varied in
a completely arbitrary fashion in order to enhance
the visibility of a given anatomical structure, either
at the time of acquisition or offline at a later time.
The levator ani for example usually requires an axial
plane that is slightly tilted in a cranioventral to dor-
socaudal direction.

The three orthogonal images are complemented
by a ‘rendered image’, i.e. a semitransparent rep-
resentation of all voxels in an arbitrarily definable
‘region of interest’. The bottom right hand image in
Figure 4.5.2 shows a standard rendered image of the
levator hiatus, with the rendering direction set from
caudally to cranially, which is the most appropriate
for imaging the hiatus. The possibilities for post-
processing are restricted only by the software used
for this purpose.

4.5.6.2
Four-Dimensional Imaging

Four-dimensional imaging implies the real-time ac-
quisition of volume ultrasound data, which can then
berepresented in orthogonal planes or rendered vol-
umes. Many systems are now capable of storing cine
loops of volumes, which is of major importance in
pelvic floor imaging as it allows enhanced docu-
mentation of functional anatomy. Even on 2D single
plane imaging, a static assessment at rest gives little
information compared with the evaluation of ma-
noeuvres such as a levator contraction and Valsalva.
Their observation will allow assessment of levator
function and delineate levator or fascial trauma
more clearly.

The ability to perform a real-time 3D (or 4D) as-
sessment of pelvic floor structures makes the tech-
nology potentially superior to MR imaging. Prolapse
assessment by MR requires ultra-fast acquisition
(YaNG et al. 1991), which is of limited availability
and will not allow optimal resolutions. Alterna-
tively, some systems allow imaging of the sitting or

erect patient, but again accessibility will be limited
for the foreseeable future. The sheer physical char-
acteristics of MRI systems make it much harder for
the operator to ensure efficient manoeuvres as over
50% of all women will not perform a proper pelvic
floor contraction when asked (Bo et al. 1988), and a
Valsalva is often confounded by concomitant levator
activation (OERNO and D1ETZ 2007). Observation of
dynamic studies and interaction with the patient is
needed until a satisfactory image is obtained, and
this may be more conveniently done with ultra-
sound. Therefore, ultrasound has major potential
advantages when it comes to describing prolapse,
especially when associated with fascial or muscular
defects,and in terms of defining functional anatomy.
In addition, offline analysis packages allow distance,
area and volume measurements in any user-defined
plane (oblique or orthogonal), which is much supe-
rior to what is possible with DICOM viewer software
on a standard set of single-plane MRI images.

4.5.6.3
Clinical Applications

At the moment, axial plane imaging is limited to the
assessment of the levator ani muscle, occasionally
extending to paraurethral tissues in patients with
diverticulae or strictures. Translabial ultrasound has
confirmed 60-year-old clinical data (GAINEY 1943)
and MRI studies (DELANCEY et al. 2003) showing
that major morphological abnormalities of levator
structure and function are common in vaginally par-
ous women (DIETZ and STEENSMA 2006). Very re-
cently it has been conclusively proven that such mor-
phological abnormalities are due to vaginal delivery
(DieTz and LANZARONE 2005; DIETZ et al. 2007); see
Figure 4.5.9 for a comparison of MR, ultrasound and
clinical findings in one patient with unilateral leva-
tor avulsion. Such trauma can be documented on 2D
ultrasound — either with a side-firing endocavitary
probe (ATHANASIOU et al. 2007) or with a parasagit-
tal probe orientation. However, the most convenient
and reproducible approach is by using an abdominal
3D probe — the technology that is used to image a
baby’s face. Just as in that situation, a rendered vol-
ume, with the rendering direction set from distally
to proximally, results in optimal images.

Major delivery-related levator trauma, affect-
ing the inferomedial aspects of the pubovisceral
muscle, clearly is part of the missing link between
vaginal childbirth and prolapse. While there are
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Clinical appearance

Axial plane Ultrasound

Axial plane MR

Fig. 4.5.9. Delivery-related levator trauma as seen on exploration of a large vaginal tear after vaginal delivery (left), as im-
aged on translabial 4D ultrasound (middle) and on MR (right). From Ultrasound Bulletin 2007; 10:17-23, with permission

other factors, probably including microtrauma or
altered biomechanics of otherwise intact muscle,
levator trauma seems to enlarge the hiatus (DIETZ
2006) and results in anterior and central compart-
ment prolapse (DIETZ and STEENSMA 2006; DIETZ
and SimpsoN 2008). The larger the defect, the
higher is the likelihood of prolapse (D1ETZ 2007),
as quantified on multi-slice or tomographic ultra-
sound (see Fig. 4.5.10). Levator defects seem to be
associated with cystocele recurrence after anterior
repair (ADEKANMI et al. 2005), in our population
almost double the likelihood of significant pro-
lapse (Dietz and Simpson 2008), and are associated
with reduced contractile strength (D1ETZ and SHEK
2008a; DELANCEY et al. 2007). These defects are
palpable, but palpation requires significant teach-
ing (KEARNEY et al. 2006b; DIETZ et al. 2006) and
is clearly less repeatable (k=0.41) (DIETZ and SHEK
2008b) than identification by ultrasound (Cohen’s
kappa (k) =0.83 on analysis of whole volumes and
k=0.61 for single slices in own data) (D1ETZ 2007;
WEINSTEIN et al. 2007a). There may be an increased
prevalence of levator defects in women with anal
sphincter defects, which is not really surprising
given the overlap in risk factors (WEINSTEIN et al.
2007b; STEENSMA et al. 2007b). Bilateral defects are
more difficult to detect since there is no normal side
to compare with, but they have a particularly severe
impact on pelvic floor function and organ support
(D1eTz and SimPsoN 2008; DieTz and SHEK 2008a).

Another factor only apparent on axial plane im-
aging is the degree of hiatal distension on Valsalva.

Figure 4.5.11 gives an impression of the range of hia-
tal area measurements in patients attending a pel-
vic floor clinic. Measures of hiatal dimensions seem
highly repeatable (DIETZ et al. 2005¢; YANG et al.
2006; MAJIDA et al. 2006; GUADERRAMA et al. 2006;
KRUGER et al. 2007a) and correlate well with find-
ings on magnetic resonance imaging (KRUGER et al.
2007). Hiatal enlargement to over 25 cm?on Valsalva
is defined as ‘ballooning’ on the basis of receiver op-
erator characteristics statistics (D1ETZz et al. 2008)
and normative data in young nulliparous women
(D1ETZ et al. 2005¢; YANG et al. 2006). The degree
of distension is strongly associated with prolapse
(D1eETZ and STEENSMA 2005b) and symptoms of pro-
lapse (D1ETZ et al. 2008). It seems that ballooning is
associated with prolapse recurrence after rectocele
repair (BARRY et al. 2006¢), and the same probably
holds true for other forms of prolapse surgery.

If delivery-related trauma and excessive disten-
sibility of the levator are indeed risk factors for
female pelvic organ prolapse and recurrence after
reconstructive surgery, then of course we should
know about it preoperatively and adjust our surgi-
cal approach accordingly. Some forms of prolapse
are probably impossible to cure surgically unless
one uses mesh implants such as the transobturator
mesh shown in Figure 4.5.12. In future, we should
aim to develop surgical methods that reduce the
size and distensibility of the hiatus or reconnect
the detached muscle in an attempt to prevent re-
currence — and in 2008 this is no longer a hypo-
thetical goal.
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Fig. 4.5.10. Quantification of trauma on multislice/tomographic ultrasound imaging. There is a typical right-sided levator
defect (indicated by * on the left hand side of the eight tomographic images) measuring about 2 cm in (dorsoventral) width
and at least 1.75 cm in (craniocaudal) depth as it is apparent in all eight slices

Fig. 4.5.11a-c. Hiatal area measurements (a, normal narrow hiatus at 9 cm?; b, moderate ballooning in a parous patient at
34 cm?; ¢, severe ballooning of 64 cm? in a patient with bilateral avulsion and three compartment prolapse) illustrating the
range of findings that may be obtained in women with symptoms of lower urinary tract dysfunction
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Perigee
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Midsagittal plane

Axial plane

Fig. 4.5.12. ‘Perigee’ anterior vaginal wall mesh repair as imaged in the midsagittal plane (left) and a rendered volume in
the axial plane (right). From Ultrasound Bulletin 2007; 10: 17-23, with permission

Conclusion

Even prior to the widespread introduction of 3D/4D
imaging, pelvic floor ultrasound was a highly use-
ful diagnostic tool for physicians dealing with pel-
vic floor disorders. As of 2008, this includes not
just gynaecologists, urologists, urogynaecologists
and radiologists, but also colorectal surgeons and
gastroenterologists. Current trends, i.e. the near
universal introduction of 4D ultrasound, new soft-
ware options and increasing availability of train-
ing, will likely lead to more general acceptance
of ultrasound as a standard diagnostic option in
pelvic floor medicine. The issue of levator trauma,
one of the most significant developments in clinical
obstetrics since the introduction of foetal monitor-
ing, will take pelvic floor ultrasound from a niche
application into the mainstream and speed the con-
vergence of clinical specialties dealing with pel-
vic floor disorders. The crucial issue, as always, is
teaching and the provision of up-to-date resources,
and it may still be another decade or two before
this method truly becomes a fully accepted part of
the diagnostic workup in women with pelvic floor
disorders.

Further information may be obtained from the fol-
lowing website
http://web.mac.com/hpdietz1/iWeb/Site/Welcome.
html

and the recently published ‘Atlas of Pelvic Floor Ul-
trasound’, Eds. HP Dietz, AB Steensma and L Hoyte,
Springer Verlag London 2007.

References

Adekanmi OA, Freeman R, Puckett M, Jackson S (2005) Cys-
tocele: Does anterior repair fail because we fail to correct
the fascial defects? A clinical and radiological study. Int
Urogynecol J 16:573

Athanasiou S, Chaliha C, Toozs-Hobson P, Salvatore S, Khul-
lar V, Cardozo L (2007) Direct imaging of the pelvic floor
muscles using two-dimensional ultrasound: A compari-
son of women with urogenital prolapse versus controls.
Br J Obstet Gynaecol 114:882-888

Barry C, Dietz H, Lim Y, Rane A (2006) A short-term inde-
pendent audit of mesh repair for the treatment of recto-
cele in women, using 3-dimensional volume ultrasound:
A pilot study. Aust NZ Continence J 12:94-99

Bo K, Larson S, Oseid S, Kvarstein B, Hagen R, Jorgensen ]
(1988) Knowledge about and ability to do correct pelvic




128

H. P. Dietz

floor muscle exercises in women with urinary stress in-
continence. Neurourol Urodyn 7:261-262

Brandt FT, Albuquerque CD, Lorenzato FR, Amaral FJ (2000)
Perineal assessment of urethrovesical junction mobility
in young continent females. Int Urogynecol J 11:18-22

Cornelia L, Stephan B, Michel B, Antoine W, Felix K (2002)
Trans-perineal versus endo-anal ultrasound in the detec-
tion of anal sphincter tears. Eur ] Obstet Gynecol Reprod-
uct Biol 103:79-82

DeLancey JO (2005) The hidden epidemic of pelvic floor dys-
function: Achievable goals for improved prevention and
treatment. Am J Obstet Gynecol 192:1488-1495

DeLancey JO, Kearney R, Chou Q, Speights S, Binno S (2003)
The appearance of levator ani muscle abnormalities in
magnetic resonance images after vaginal delivery. Obstet
Gynecol 101:46-53

DeLancey JO, Morgan D, Fenner D, Kearney R, Guire K,
Miller J, Hussain H, Umek W, Hsu Y, Ashton-Miller ]
(2007) Comparison of levator ani muscle defects and
function in women with and without pelvic organ pro-
lapse. Obstet Gynecol 109:295-302

Dietz HP (2004a) Ultrasound imaging of the pelvic floor:
Part 1: 2d aspects. Ultrasound Obstet Gynecol 23:80-92

Dietz HP (2004b) Ultrasound imaging of the pelvic floor: 3d
aspects. Ultrasound Obstet Gynecol 23:615-625

Dietz HP (2007) Quantification of major morphological ab-
normalities of the levator ani. Ultrasound Obstet Gynecol
29:329-334

Dietz HP, Wilson PD (1998) Anatomical assessment of the
bladder outlet and proximal urethra using ultrasound and
videocystourethrography. Int Urogynecol J 9:365-369

Dietz HP, Wilson PD (1999) The influence of bladder volume
on the position and mobility of the urethrovesical junc-
tion. Int Urogynecol J 10:3-6

Dietz HP, Clarke B (2001a) The urethral pressure profile
and ultrasound imaging of the lower urinary tract. Int
Urogynecol J 12:38-41

Dietz HP, Clarke B (2001b) Translabial color doppler urody-
namics. Int Urogynecol J 12:304-307

Dietz HP, Bennett MJ (2003) The effect of childbirth on pelvic
organ mobility.[comment]. Obstet Gynecol 102:223-228

Dietz HP, Wilson PD (2004) The ‘iris effect’ How two-di-
mensional and three-dimensional ultrasound can help
us understand anti-incontinence procedures. Ultrasound
Obstet Gynecol 23:267-271

Dietz HP, Korda A (2005) Which bowel symptoms are most
strongly associated with a true rectocele? Aust NZ J Ob-
stet Gynaecol 45:505-508

Dietz HP, Lanzarone V (2005) Levator trauma after vaginal
delivery. Obstet Gynecol 106:707-712

Dietz HP, Steensma AB (2005a) Posterior compartment pro-
lapse on two- dimensional and three- dimensional pelvic
floor ultrasound: The distinction between true rectocele,
perineal hypermobility and enterocele. Ultrasound Ob-
stet Gynecol 26:73-77

Dietz HP, Steensma AB (2005b) Dimensions of the levator
hiatus in symptomatic women. Ultrasound Obstet Gyne-
col 26:369-370

Dietz HP, Steensma AB (2006) The prevalence of major ab-
normalities of the levator ani in urogynaecological pa-
tients. Br ] Obstet Gynaecol 113:225-230

Dietz HP, Simpson J (2008) Levator trauma is associated with
pelvic organ prolapse. Br ] Obstet Gynecol, in print

Dietz HP, Shek C (2008a). Levator Avulsion and Grading of
Pelvic Floor Muscle Strength. Int Urogynecol J 19:633-
636

Dietz HP, Shek C (2008b) Validity and reproducibility of the
digital detection of levator trauma. Int Urogynecol J; in
print

Dietz HP, McKnoulty L, Clarke B (1999) Translabial color
doppler for imaging in urogynecology: A preliminary
report. Ultrasound Obstet Gynecol 14:144-147

Dietz HP, Clarke B, Vancaillie TG (2002a) Vaginal childbirth
and bladder neck mobility. Aust NZ ] Obstet Gynaecol
42:522-525

Dietz HP, Haylen BT, Vancaillie TG (2002b) Female pelvic
organ prolapse and voiding function. Int Urogynecol ]
13:284-288

Dietz HP, Eldridge A, Grace M, Clarke B (2003) Test-retest
reliability of the ultrasound assessment of bladder neck
mobility. Int Urogynecol J 14:557-S58

Dietz HP, Eldridge A, Grace M, Clarke B (2004) Pelvic organ
descent in young nulliparous women. Am ] Obstet Gy-
necol 191:95-99

Dietz HP, Hyland G, Hay Smith E (2005a) A blinded compari-
son of palpation and 3D/4D ultrasound imaging of the
pubovisceral muscle. Int Urogynecol J 16:575

Dietz HP, Barry C, Lim YN, Rane A (2005b) Two-dimen-
sional and three-dimensional ultrasound imaging of
suburethral slings. Ultrasound Obstetr Gynecol 26:175-
179

Dietz HP, Shek C, Clarke B (2005c) Biometry of the pubo-
visceral muscle and levator hiatus by three-dimensional
pelvic floor ultrasound. Ultrasound Obstet Gynecol
25:580-585

Dietz HP, Hyland G, Hay-Smith J (2006) The assessment of
levator trauma: A comparison between palpation and 4d
pelvic floor ultrasound. Neurourol Urodyn 25:424-427

Dietz HP, Gillespie A, Phadke P (2007) Avulsion of the pu-
bovisceral muscle associated with large vaginal tear after
Normal Vaginal Delivery at term. A Case Report. Aust NZ
] Obstet Gynecol 47:341-44

Dietz HP, Shek C, De Leon ], Steensma A (2008) Balloon-
ing of the levator hiatus. Ultrasound Obstet Gynecol
31:676-680

Gainey HL (1943) Post-partum observation of pelvic tissue
damage. Am J Obstet Gynecol 46:457-466

Guaderrama N, Liu J, Nager C, Pretorius D, Sheean G, Kassab
G, Mittal R (2006) Evidence for the innervation of pel-
vic floor muscles by the pudendal nerve. Obstet Gynecol
106:774-781

Haylen BT, Frazer MI, Sutherst JR, West CR (1989) Trans-
vaginal ultrasound in the assessment of bladder volumes
in women. Preliminary report. Br J Urol 63:149-151

Huang WC, Yang JM (2003) Bladder neck funneling on ul-
trasound cystourethrography in primary stress urinary
incontinence: A sign associated with urethral hypermo-
bility and intrinsic sphincter deficiency. Urology 61:936-
941

Kearney R, Miller J, Ashton-Miller J, Delancey J (2006a) Ob-
stetric factors associated with levator ani muscle injury
after vaginal birth. Obstet Gynecol 107:144-149

Kearney R, Miller JM, Delancey JO (2006b) Interrater reli-
ability and physical examination of the pubovisceral por-
tion of the levator ani muscle, validity comparisons using
MR imaging. Neurourol Urodynamics 25:50-54




Pelvic Floor Ultrasound

129

Kleinubing H Jr, Jannini JF, Malafaia O, Brenner S, Pinho
TM (2000) Transperineal ultrasonography: New method
to image the anorectal region. Dis Colon Rectum 43:1572-
1574

Konstantinovic ML, Steensma AB, Domali E, Van Beckev-
oort D, Timmerman D, De Ridder D, Deprest J (2007)
Correlation between 3D/4D translabial ultrasound and
colpocystodefecography in diagnosis of posterior com-
partment prolapse. Ultrasound Obstet Gynecol 30:448

Kruger J, Heap X, Dietz HP (2007) A comparison of mri and
ultrasound in the assessment of the levator hiatus. Ultra-
sound Obstet Gynecol 30:447

Kruger J, Heap S., Murphy B, Dietz HP (2008) Pelvic floor
function in nulliparous women imaged using 3D Ultra-
sound and Magnetic Resonance Imaging. Obstet Gynecol
111:631-638

Lekskulchai O, Dietz HP (2006) Is detrusor hypertrophy in
women associated with symptoms and signs of voiding
dysfunction? ICS Annual Scientific Meeting

Lekskulchai O, Dietz HP (2008) Detrusor wall thickness as a
test for detrusor overactivity in women. Ultrasound Ob-
stet Gynaecol; in print

Majida M, Hoff Braekken I, Bo K, Umek W, Dietz HP, Ell-
strom Engh M (2006) 3D and 4D ultrasound of the pelvic
floor. An interobserver reliability study. Int Urogynecol J
17:5136-137

Martan A, Masata J, Halaska M, Voigt R (2001)Ultrasound
imaging of the lower urinary system in women after burch
colposuspension. Ultrasound Obstet Gynecol 17:58-64

Masata J, Martan A, Halaska M, Kasikova E, Otcenasek
M, Voigt R (2001) Detection of valsalva leak point pres-
sure with colour Doppler-new method for routine use.
Neurourol Urodyn 20:494-496

Oerno A, Dietz HP (2007) Levator co-activation is a signifi-
cant confounder of pelvic organ descent on valsalva ma-
neuver. Ultrasound Obstet Gynecol 30:346-350

Perniola G, Dietz HP, Shek C, Chew S, Cartmill J, Chong C
(2008). Defecation proctography and translabial ultra-
sound in the investigation of defecatory disorders. Ul-
trasound Obstet Gynecol 31:567-571

Peschers U, Schaer G, Anthuber C, DeLancey JO, Schuessler
B (1996) Changes in vesical neck mobility following vagi-
nal delivery. Obstet Gynecol 88:1001-1006

Peschers UM, DeLancey JO, Schaer GN, Schuessler B (1997)
Exoanalultrasound of the anal sphincter: Normal anatomy
and sphincter defects. Br ] Obstet Gynaecol 104:999-1003

Peschers UM, Fanger G, Schaer GN, Vodusek DB, DeLancey
JO, Schuessler B (2001) Bladder neck mobility in conti-
nent nulliparous women. BJOG. 108:320-324

Reed H, Waterfield A, Freeman RM, Adekanmi OA (2002)
Bladder neck mobility in continent nulliparous women:
Normal references. Int Urogynecol J 13:54

Robinson D, Anders K, Cardozo L, Bidmead J, Toozs-Hob-
son P, Khullar V (2002) Can ultrasound replace ambu-
latory urodynamics when investigating women with ir-
ritative urinary symptoms? BJOG: Int ] Obstet Gynaecol
109:145-148

Robinson D, Khullar V, Cardozo L (2005) Can bladder wall
thickness predict postoperative detrusor overactivity?
Int Urogynecol J 16:5106

Schaer GN, Koechli OR, Schuessler B, Haller U (1995) Peri-
neal ultrasound for evaluating the bladder neck in uri-
nary stress incontinence. Obstet Gynecol 85:220-224

Schaer GN, Siegwart R, Perucchini D, DeLancey JO (1998)
Examination of voiding in seated women using a remote-
controlled ultrasound probe. Obstet Gynecol 91:297-301

Schaer GN, Perucchini D, Munz E, Peschers U, Koechli OR,
DeLancey JO (1999) Sonographic evaluation of the blad-
der neck in continent and stress-incontinent women. Ob-
stet Gynecol 93:412-416

Schuettoff S, Beyersdorff D, Gauruder- Burmester A, Tunn R
(2006) Visibility of the polypropylene tape after tvt (ten-
sion-free vaginal tape) procedure in women with stress
urinary incontinence - a comparison of introital ultra-
sound and mriin vitro and in patients. Ultrasound Obstet
Gynecol 27:687-692

Shek C, Rane A, Goh JTW, Dietz HP (2007) Imaging of the
perigee transobturator mesh and its effect on stress in-
continence. Ultrasound Obstet Gynecol 30:446

Shek C, Dietz HP, Rane A, Balakrishnan S (2008). Transob-
turator mesh repair for large and recurrent cystocele.
Ultrasound Obstet Gynecol; in print

Steensma AB, Oom DM], Burger CW, Schouten WR (2007a)
Comparison of defecography and 3D/4D translabial
ultrasound in patients with pelvic organ prolapse and/
or evacuation disorders. Ultrasound Obstet Gynecol
30:447

Steensma AB, Schweitzer KJ, Burger CW, Schouten WR
(2007b) Are anal sphincter injuries related to levator ab-
normalities? Ultrasound Obstet Gynecol 30:448

Tunn R, Petri E (2003) Introital and transvaginal ultrasound
as the main tool in the assessment of urogenital and pel-
vic floor dysfunction: An imaging panel and practical ap-
proach. Ultrasound in Obstet Gynecol 22:205-213

Tunn R, Picot A, Marschke J, Gauruder-Burmester A (2007)
Sonomorphological evaluation of polypropylene mesh
implants after vaginal mesh repair in women with cysto-
cele or rectocele. Ultrasound Obstet Gynecol 29:449-452

Weinstein MM, Pretorius D, Nager CW, Mittal R (2007a) In-
ter-rater reliability of pelvic floor muscle imaging abnor-
malities with 3D ultrasound. Ultrasound Obstet Gynecol
30:538

Weinstein MM, Pretorius D, Jung SY, Nager CW, Mittal R
(2007b) Anatomic defects in the puborectalis muscle in
women with fecal incontinence. Ultrasound Obstet Gy-
necol 30:637

Yagel S, Valsky DV (2006) Three-dimensional transperineal
sonography for evaluation of the anal sphincter complex:
Another dimension in understanding peripartum sphinc-
ter trauma. Ultrasound Obstet Gynecol 27:119-123

Yang A, Mostwin JL, Rosenshein NB, Zerhouni EA (1991)
Pelvic floor descent in women: Dynamic evaluation
with fast mr imaging and cinematic display. Radiology
179:25-33

Yang JM, Huang WC (2003) Bladder wall thickness on ultra-
sonographic cystourethrography: Affecting factors and
their implications. J Ultrasound Med 22:777-782

Yang JM, Yang SH, Huang WC (2006) Biometry of the pubo-
visceral muscle and levator hiatus in nulliparous chinese
women. Ultrsound Obstet Gynecol 26:710-716




Imaging Techniques

4.6 Endoanal Magnetic Resonance Imaging

ANNETTE C. DE BRUIJNE-DOBBEN and JAAP STOKER

CONTENTS

E—
4.6.1 Introduction 131
4.6.2 Imaging Technique 131
4.6.2.1 Coil and Patient Preparation 131
4.6.2.2 Sequences and Protocol 132
4.6.3 Normal Anatomy, Variances, and

Pitfalls 132

4.6.4 Lesions of the Anal Sphincter 134
4.6.4.1 Scar Tissue and Defects 135
4.6.4.1.1 Internal Anal Sphincter 135

4.6.4.1.2 External Anal Sphincter 135

4.6.4.2 Atrophy 136
4.6.4.2.1 Internal Anal Sphincter 136
4.6.4.2.2 External Anal Sphincter 137

4.6.5 The Role of Endoanal MRI in the
Diagnostic Workup 138

4.6.5.1 Comparison of Endoanal MRI versus
Endoanal US 138

4.6.5.2 The Role of Endoanal MRI in
Pre-Surgical Evaluation 139

4.6.5.3 The Role of Endoanal MRI in
Post-Surgical Evaluation 139

4.6.5.4 The Role of External Phased-Array MRI
in Fecal Incontinence 140

4.6.5.5 Comparison of Endoanal MRI versus
Three-Dimensional Endoanal US in the
Depiction of Atrophy 141

4.6.6 Summary 141

References 142

A. C. DE BRUIJNE-DOBBEN, PhD

J. STOKER, MD, PhD

Department of Radiology, Academic Medical Center, Uni-
versity of Amsterdam, Meibergdreef 9, 1105 AZ Amsterdam,
The Netherlands

Introduction

Disordersofthe externaland/orinternal anal sphinc-
ter muscles are a major cause of fecal incontinence.
External anal sphincter insufficiency is caused by
a defect of the muscle or by damage to the puden-
dal nerve, resulting in atrophy of the external anal
sphincter with subsequent weakness. Childbirth is
the main cause of fecal incontinence in women. Both
the muscle itself as well as the pudendal nerve can be
damaged during delivery. The internal anal sphinc-
ter can also be damaged in combination with the
external anal sphincter when a large rupture of the
anal sphincter occurs. Isolated internal anal sphinc-
ter defects are mainly caused by anorectal surgery
(anal sphincter trauma) (KamMM 1994).

Magnetic resonance imaging (MRI) with an en-
doluminal device has taken a prominent place in the
evaluation of fecalincontinence. The high-resolution
images obtained with endoanal MRI are very well
suited for assessment of morphologic sphincter dis-
orders (DESouzA et al. 1996; STOKER et al. 1996).
This has led to further insight into the pathogenesis
of fecal incontinence.

Imaging Technique

4.6.2.1
Coil and Patient Preparation

There are some differences in the design and diam-
eter of the endoluminal coils used for endoluminal
imaging. In some institutions, a rectal coil with a
balloon is used, but more optimal results are ob-
tained with a dedicated anal coil without a balloon.
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Cylindrical saddle geometry receiver coils, rectan-
gular receive-only coils, as well as phased-array
geometry coils are used (STOKER et al. 1999). With
these coils high-spatial-resolution MR images can
be obtained. The diameter of the coils available
ranges from 7-17 mm, while the coil holder will add
approximately 2 mm to the outer diameter. A larger
diameter coil (e.g., 17 mm) can be recommended as
this will result in a more uniform signal intensity
of the anal sphincter muscles, while the diameter
will not be a disadvantage in fecal-incontinent pa-
tients.

Patients need to be prepared carefully for the pro-
cedure. They first have to empty their bladder be-
fore the study in order to prevent discomfort from a
distended bladder and consequent motion artifacts.
The endoanal coil is covered with a condom and af-
ter application of a lubricant (we use ultrasound gel)
inserted in the anal canal in a left lateral position.
After positioning of the endoanal coil, the patient
turns in a supine position, and supportive pads are
used to stabilize the position of the endoanal coil.
To reduce motion artifacts the patient is asked to
fast for 4 h, and attention should be paid to patient
comfort during the examination. Bowel relaxants
(1 ml butylscopolamine bromide, Buscopan, 20 mg/
ml, Boehringer Ingelheim, Germany - which is not
approved in the USA - or 1 mg of glucagon hydro-
chloride, Glucagen, Bagsvaerd, Denmark) may be
used to reduce bowel peristalsis. A bowel relaxant
can be beneficial, but it is not scientifically proven.
The patient should be informed not to squeeze the
coil and to relax their anal sphincter and pelvic floor
muscles.

Endoanal MRI is well tolerated by nearly all pa-
tients with fecal incontinence (DEUTEKOM et al.
2006), although some patients refuse going into the
magnet due to claustrophobia. Discomfort is compa-
rable to that at endoanal ultrasound (US); however,
the procedure is more time consuming (approxi-
mately 30 min versus 10 min room time).

4.6.2.2
Sequences and Protocol

The optimal imaging protocol for endoanal MRI in
fecal-incontinent patients has not been established.
T2-weighted sequences result in optimal contrast
difference between the anal sphincters and the
surrounding structures when relatively limited T2
weighting is used. The use of T1-weighted sequences

without intravenous contrast medium is not benefi-
cial (sphincters are hardly discernible), while the use
of intravenous contrast medium has not been dem-
onstrated to be superior to T2-weighted sequences.

The following T2-weighted fast spin-echo se-
quences are recommended for use at 1.5 T:TR 2,500-
3,500 ms, TE 70-90 ms, echo train length 10, field
of view 10x 10 cm (axial) and 16 X 16 cm (coronal),
imaging matrix 256512, 3-mm slice thickness,
0.3-mm interslice gap, and two excitations. The TE
is relatively short as this results in the most optimal
demonstration of anal sphincter anatomy.

Axial images and coronal images are used with
slice orientation perpendicular and parallel to the
anal sphincter and endoanal coil to reduce partial
volume effects. The axial or transverse plane is the
most relevant and should be complemented by a
coronal plane as the coronal plane reduces partial-
volume effects and provides additional information
on the extent of the disorder. The field of view en-
closes the whole anal sphincter, which indicates in
the axial plane from at least one slice inferior to the
sphincter to at least the anorectal verge cranially.
The coronal plane encloses anteriorly the anovagi-
nal septum in females and in males at least a part
of the prostate. Posteriorly, the complete sphincter
needs to be imaged. Endoanal MR studies can be
performed on a MR machine with a field intensity
of at least 0.5 T; most experience concerns 1.5 T. Al-
though a higher image quality on 3 T compared to
1.5 T endoanal MRI can be expected, there is no lit-
erature yet to support this presumption.

Normal Anatomy, Variances, and Pitfalls

In the axial plane the anal sphincter surrounds the
anal canal and is composed of several cylindrical
layers. The innermost layer of the anal sphincter is
the subepithelium that seals off the anal canal (anal
cushions). The next layer is the cylindrical smooth
muscle of the internal anal sphincter, supplied by
autonomic nerves. The internal anal sphincter is ap-
proximately 2.9 mm thick on endoanal MRI (Roc1u
et al. 2000). The internal anal sphincter appears as
a relatively hyperintense circular structure with a
homogeneous uniform architecture (Fig. 4.6.1). In
the coronal plane sometimes small horizontal lines
can be identified, representing normal anatomy.
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Fig. 4.6.1. Transverse endoanal T2-weighted fast spin-echo
(2,500/70) MR image at the mid-anal canal shows normal
anatomy in a 52-year-old man. The longitudinal muscle
(LM) is clearly demonstrated within the intersphincteric
space (ISS) between the internal (IS) and external (ES) anal
sphincters. Arrowhead shows submucosa. IAS = ischioanal
space, CB = cavernus body, SB = spongiose body, IC = ischio-
cavernous muscle, TPM = transverse perineal muscle, BS =
bulbospongiosus muscle

The internal anal sphincter is the terminal con-
tinuation of the circular smooth muscle of the
rectum and often separated from the longitudinal
muscle. The longitudinal muscle layer is seen as a
relatively hypointense layer within the hyperintense
intersphincteric space (Fig. 4.6.1). The longitudinal
layer is the fibromuscular continuation of the longi-
tudinal muscular layer of the rectal wall.

The outermost layer comprises striated muscle
with inferiorly the external anal sphincter and su-
periorly the puborectal muscle. The external anal
sphincter is a muscle under voluntary control. The
height of the external anal sphincter anteriorly is
approximately 14 mm in women and 27 mm in men
(Roci1u et al. 2000). The thickness of the external
anal sphincter is 4 mm on endoanal MRI. The exter-
nal anal sphincter extends approximately 1 cm be-
yond the internal anal sphincter. The external anal
sphincter is demonstrated as a clearly defined ring
of hypointense signal intensity (Figs. 4.6.1, 4.6.2).

The puborectal muscle (also named the pubovis-
ceral muscle) is part of the levator ani muscle, which
also includes the levator plate at the anorectal junc-
tion. The puborectal muscle is a sling-like muscle

Fig. 4.6.2. Transverse endoanal T2-weighted fast spin-echo
(2,500/70) MR image at the distal anal canal shows normal
anatomy in a 56-year-old woman. The external anal sphinc-
ter (ES) is the hypointense outermost muscle; the internal
anal sphincter (IS) is demonstrated as a hyperintense ring

and closely aligned to the deep part of the external
anal sphincter. On endoanal MRI the puborectal
muscle is approximately 28 mm high and 5.6 mm
thick. Also, the puborectalis muscle and the leva-
tor ani muscle have a relatively hypointense signal
intensity (TERRA and STOKER 2006) (Fig. 4.6.3). The
latter can be easily evaluated in the coronal plane
(Fig. 4.6.3). The sphincter complex is embedded in
the fat-containing ischioanal space, which is rela-
tively hyperintense (Figs. 4.6.1, 4.6.2).

In the coronal plane (Fig. 4.6.3), the external anal
sphincter has a characteristic “J” shape. Often a thin
fat plane can be seen between the deep part and the
puborectalis. Below this the superficial part is seen
as a separate component. The subcutaneous part of
the external anal sphincter curves around to form
the bottom of the “J.”

When starting the evaluation of the sphincter in
the axial plane from the inferior, the lower edge of the
external anal sphincter appears. At the caudal level
the sphincter ring is not completely circular, but often
shows discontinuity at the anterior and posterior side.
Moving upwards to the mid-anal canal, the sphincter
ring becomes completely circular, and both the inter-
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Fig. 4.6.3. Coronal endoanal T2-weighted fast spin-echo
(2,500/70) MR image through the anal canal shows normal
anatomy of the sphincter complex in a 52-year-old man with
relatively hypointense external anal sphincter (ES), puborec-
tal muscle (PM), and levator ani muscle (LA) and relatively
hyperintense internal anal sphincter (IS). LM = longitudinal
muscle, ISS = intersphincteric space

nal anal sphincter and longitudinal muscle appear.
Since the signal intensity of either the longitudinal
muscle or the external anal sphincter appears to be
hypointense, they might be difficult to distinguish
from each other when they are closely aligned. When
moving upward to the proximal anal canal, the cra-
nial part of the external anal sphincter is often fused
with the puborectal muscle. At this level, the internal
anal sphincter is still visible, but will disappear more
proximally. The upper outer half of the anal sphincter
is now sling-like (puborectal muscle).

The discontinuity of the sphincter edges at the
lower level might easily be misinterpreted and di-
agnosed as a defect. On this level the lateral sides
of the sphincter appear as symmetrically crescent-
shaped. At the anterior side, discontinuity of the
sphincter ring might be simulated by separation of
the muscle groups with intermixing fibers inserting
into the perineal body. This can be characterized by
a cap-like morphology, which is a normal variant
(Fig. 4.6.4). The external anal sphincter may appear
to have a posterior defect as it is continuous at both
sides with the anococcygeal ligament, which is also
a normal variant (Fig. 4.6.5). Moving upward to the
mid-anal canal, the external anal sphincter often

will be seen to merge symmetrically posteriorly, re-
establishing the sphincteric ring.

Sex-related differences should be taken into ac-
count. In women, the longitudinal muscle termi-
nates just cranial to the external anal sphincter and
contributes to the perineal body, whereas in men
it extends to the caudal part of the external anal
sphincter. The transverse perineal muscle also has
a different relationship to the external anal sphinc-
ter. In women, the transverse perineal muscles fuse
with the external anal sphincter, whereas in men
they insert into the central point of the perineum
(Figs. 4.6.1, 4.6.2).

Lesions of the Anal Sphincter

The most relevant lesions in the evaluation of fecal
incontinence at endoanal MRI are disruption and
volume anomalies of the internal and/or external
anal sphincter. Disruption comprises sphincter de-
fects and scar tissue; volume anomalies comprise
sphincter thinning or thickening.

Fig. 4.6.4. Transverse endoanal T2-weighted fast spin-echo
(2,500/70) MR image at the distal anal canal in a 77-year-old
man shows normal anatomy of the external anal sphincter
(ES). The ES anteriorly is demonstrated as a cap that might
be interpreted as a defect since the muscle layer seems partly
not continuous (arrows). IAS = ischioanal space
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Fig. 4.6.5. Transverse endoanal T2-weighted fast spin-echo
(2,500/70) MR image at the distal anal canal in a 57-year-old
woman shows normal anatomy of the external anal sphinc-
ter (ES). The posterior part of the ES seems to discontinue at
this level (arrows). This represents a normal variant and not
a defect. The ES has posterior extension to the anococcygeal
ligament at a higher level. At this level, the lower edge inter-
nal anal sphincter (IS) is visible and relatively hypointense
at the anterior side due to scar tissue. VI = vaginal introitus,
ACL = anococcygeal ligament

4.6.4.1
Scar Tissue and Defects

A defect of the anal sphincter at endoanal MRI is
defined as a discontinuity of the muscle ring (ana-
tomic defect) and/or is recognized by a hypointense
deformation of the normal pattern of the muscle layer
due to replacement of muscle cells by fibrous tissue
(functional defect, scar tissue) (RocrIu et al. 1999a).

Although with endoanal MRI a distinction can be
made between an anal sphincter defect and scarring
(Fig. 4.6.6), the importance of differentiation between
these entities with respect to outcome has not been
demonstrated yet. Secondary changes to the architec-
ture of adjacent structures (longitudinal muscle, peri-
anal fat) and involvement of both sphincters (MALOUF
et al. 2001) provide supportive evidence of a lesion.

4.6.4.1.1
Internal Anal Sphincter

Scarring of the internal anal sphincter is visible
as mostly thinning of the internal anal sphincter
combined with hypo-intense signal intensity of the

Fig. 4.6.6. Transverse endoanal T2-weighted fast spin-echo
(2,500/70) MR image obtained from a 53-year-old fecal-in-
continent woman after a complicated vaginal delivery (breech
delivery and episiotomy) shows a defect of the external anal
sphincter (ES) that is demonstrated by a discontinuity of the
anterior outer sphincter ring (black arrowheads) and scar tis-
sue (white arrowheads). Scar tissue anterior to the external
anal sphincter is demonstrated as well as thinning and scar
tissue of the anterior internal anal sphincter (thin arrows).
IS = internal anal sphincter, IAS = ischioanal space

internal anal sphincter. One should be aware that
local thinning of the internal anal sphincter without
changed signal intensity can be caused by compres-
sion by the endoanal coil.

Isolated internal anal sphincter defects are mostly
due to prior anorectal surgery; obstetric trauma of-
ten causes a combined internal and external anal
sphincter defect (Figs. 4.6.6, 4.6.7).

4.6.4.1.2
External Anal Sphincter

Scar tissue of the external anal sphincter can be sub-
tle and may only comprise obliteration of the normal
multilayered aspect of the external anal sphincter.
Defects of the external anal sphincter can be isolated
or may be accompanied by internal anal sphinc-
ter defects. Isolated external anal sphincter defects
and combined internal and external anal sphincter
defects have generally an obstetric origin. External
anal sphincter defects can also be seen after surgery
or other trauma. This may result in fragmentation
of the whole sphincter. Defects following obstetric
trauma are frequently located at the anterior part
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Fig. 4.6.7. Transverse endoanal T2-weighted fast spin-echo
(2,500/70) MR image obtained from a 31-year-old woman af-
ter a complicated vaginal delivery (breech delivery, rupture)
shows a defect (thin arrows) and scar tissue anterior to the
external anal sphincter (ES) demonstrated by discontinuity of
the sphincter ring, very low signal intensity, and disordered ar-
chitecture. Also an anterior internal anal sphincter (IS) defect
is depicted (black arrows), identifiable by the discontinuity of
the anterior part of the internal anal sphincter and hyperin-
tense fat interposing. Patient underwent anterior anal sphinc-
ter repair since she suffered from severe fecal incontinence

of the anal sphincter complex (Fig. 4.6.8.) (SULTAN
etal. 1993; KamM 1994). Continuity of the sphincter
can be partially or completely destructed. Lesions
cause an asymmetric disruption of the sphincter
ring. Healing of defects is accompanied by the for-
mation of granulation tissue, which leads to scar
tissue which is of relatively low signal.

The extent and location of a defect can be indi-
cated in hours (1-12 h) on a clock face using axial
images and longitudinally in millimeters from the
lower edge of the anal sphincter. When indicating
defects in hours, one should be certain that the sur-
geon uses the same orientation. This potential pitfall
can be prevented by indicating the location in seg-
ments, such as the left anterolateral.

Frank puborectal muscle lesions are relatively un-
common in fecal-incontinent patients. Defects of the
puborectal muscle are primarily depicted in combina-
tionwith internaland or external anal sphincter lesions.
In addition, frank lesions of the levator ani plate pres-
ent rarely in isolation in fecal-incontinent patients.

Fig. 4.6.8. Transverse endoanal T2-weighted fast spin-echo
(2,500/70) MR image obtained from a 53-year-old fecal in-
continent woman after a complicated vaginal delivery (long
labor, assisted delivery, rupture) shows scar tissue of the
external anal sphincter (ES) (arrowheads), which is demon-
strated by a hypointense anterior outer sphincter ring that
lacks the normal ES architecture (see posteriorly and see
Figs. 4.6.1 and 4.6.2). Perineal scar tissue directly adjacent
to the external anal sphincter. A thick longitudinal muscle
(LM) is visible with a lesion at the anterior side of the ring.
IS = internal anal sphincter, IAS = ischioanal space, ISS =
intersphinteric space

4.6.4.2
Atrophy

Generalized atrophy of the external anal sphincter,
puborectal muscle, or levator ani muscle at endo-
anal MRI is characterized by thinning of the muscle
fibers and/or fat replacement of muscle fibers by
hyper-intense fat. Local atrophy represents local
thinning or fatty degeneration of the external anal
sphincter. Generalized atrophy of the internal anal
sphincter is characterized by diffuse muscle thin-
ning (muscle thickness less than 2 mm) (Rocru et
al. 1999a).

4.6.4.2.1
Internal Anal Sphincter

Generally, the internal anal sphincter thickness in
adults is considered to be normal when it ranges
from 2 to 4 mm, irrespective of patient age. Abnor-
mal thickening (>4 mm) of the internal anal sphinc-
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ter can be found in patients with solitary rectal ul-
cer syndrome and abnormally thinning (<2 mm) in
patients with idiopathic degeneration (HALLIGAN et
al. 1995; VAIZEY et al. 1997). Atrophy of the internal
anal sphincter is most easily appreciated at an axial
image (Fig. 4.6.9).

4.6.4.2.2
External Anal Sphincter

In healthy subjects, the average thickness of the
external anal sphincter at endoanal MRI is ap-
proximately 4 mm (Roc1u et al. 2000). In contrast
to external anal sphincter atrophy, pathological
thickening of the external anal sphincter is seldom
reported, and its clinical value is not well estab-
lished. Atrophy of the external anal sphincter in
fecal-incontinent patients is more often diagnosed
in females (p<0.001) and is associated with an im-
paired squeeze function (TERRA et al. 2006a).

The coronal imaging plane is optimal for the
evaluation of atrophy of the external anal sphincter
(Fig. 4.6.10). When analyzing the volume of the ex-
ternal anal sphincter, it is important to bear in mind

Fig. 4.6.9. Transverse endoanal T2-weighted fast spin-echo
(2,500/70) MR image obtained from a 59-year-old fecal-in-
continent woman after a complicated vaginal delivery (long
labor, episiotomy, rupture) shows severe generalized atro-
phy of the internal anal sphincter (IS) demonstrated by a
thin (less than 2 mm as measured on endoanal MRI) inner
sphincter ring. IAS = ischioanal space

Fig. 4.6.10. Coronal endoanal T2-weighted fast spin-echo
(2,500/70) MR image showing severe thinning of the exter-
nal anal sphincter (ES) and diffuse replacement by fat in a
69-year-old fecal-incontinent woman with no risk factors for
pudendal nerve damage in the past (compare to Fig. 4.6.3).
The puborectal muscle and levator ani muscle are relatively
spared. IS = internal anal sphincter, IAS = ischioanal space,
PM = puborectal muscle, LAM = levator ani muscle, LM =
longitudinal muscle

that women have a shorter external anal sphincter
than men. On longitudinal images the lateral side
of the external anal sphincter averages 27 mm in
length in women and 28.6 mm in men, but the an-
terior aspect averages 14 mm in women compared
to 27 mm in men. On mid-axial images, in young
women (<35years) the external anal sphincter
is thinner (4.32 mm average) than in young men
(5.21 mm average) (Roc1u et al. 2000).

Endoanal MRI is able to accurately depict gen-
eralized atrophy of the anal sphincter (Figs. 4.6.10,
4.6.11) and can differentiate between moderate
(<50% thinning of the external anal sphincter and/
or replacement of external anal sphincter muscle
by fat) and severe atrophy (>50% thinning of the
external anal sphincter and/or replacement of the
external anal sphincter muscle by fat) (BRIEL et al.
2000; TERRA et al. 2006a, 2006b). The internal anal
sphincter thickness increases and the external anal
sphincter thickness decreases with age (Roc1u et al.
2000; FRUDINGER et al. 2002).
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Fig. 4.6.11. Transverse endoanal T2-weighted fast spin-echo
(2,500/70) MR image showing severe thinning of the exter-
nal anal sphincter (ES) and diffuse replacement by fat in a
46-year-old man with fecal incontinence with a neurologi-
cal disorder (spinal) in the past (compare to Figs. 4.6.1 and
4.6.2). At this level the anterior inferior edge of the internal
anal sphincter (IS) is just visible

The Role of Endoanal MRI in the
Diagnostic Workup

Continence is a complex function of multiple ana-
tomic, physiologic, and psychological factors. A
systematic evaluation of the patient should reveal
the underlying pathophysiology, leading to appro-
priate therapy (D1aMANT et al. 1999). While ano-
rectal physiology tests give insight in the (patho-)
functional aspects of the anorectal region, imaging
techniques are able to visualize the anatomy and
pathology, such as defects, scar tissue, or atrophy,
of the anal sphincter muscles. With digital rectal
examination the presence or absence of an external
anal sphincter defect can be assessed, and resting
and squeeze pressure can be determined qualita-
tively. However, only major sphincter defects can be
diagnosed accurately, and sphincter weaknesses are
well, but not perfectly related to findings at manom-
etry (DOBBEN et al. 2007a).

4.6.5.1
Comparison of Endoanal MRI versus
Endoanal US

A comparison between endoanal MRI and endoanal
ultrasound (US) in the depiction of sphincter lesions
has been made in three studies. MALOUF and col-
leagues (2000) performed a prospective study of 52 pa-
tients with an expert panel as reference standard. The
expert panel was primarily familiar with endoanal US.
They concluded that endoanal US and endoanal MRI
are equivalent in diagnosing external anal sphincter
injury. Complete agreement between endoanal MRI
and endoanal US and the final diagnosis was found
in 62%. The authors concluded that MRI is inferior in
diagnosing internal anal sphincter injury.

A retrospective study performed by Rociu et al.
(1999b) in 22 patients with surgery as reference stan-
dard emphasizes the precise description of the extent
and structure of complex sphincter lesions and the su-
periority in clinical decision-making of endoanal MRI
compared to endoanal US. Endoanal MRI findings
showed better agreement with surgical results com-
pared to findings at endoanal US for diagnosing lesions
of the external anal sphincter (kappa value 0.85 versus
0.53) and of the internal anal sphincter (kappa value
0.64 versus 0.49). This is because MRI provides higher
spatial resolution and better inherent image contrast
for lesion characteristics. This group had a larger expe-
rience with endoanal MRI than with endoanal US.

A recent multi-center study (DoBBEN et al. 2007b)
in 237 fecal-incontinent patients (214 women) evalu-
ated the depiction of external anal sphincter defects
with endoanal US and endoanal MRI. There was
agreement between endoanal MRI and endoanal US
in 146 patients (61%; k =0.24: fair agreement). Based
on the imaging findings and other considerations, 36
patients had an anterior anal sphincter repair. There
was no significant difference in the depiction of exter-
nal anal sphincter defects between endoanal MRI and
endoanal US (P=0.23). Therefore, either technique
can be considered as useful in the selection of patients
as candidates for surgery (sensitivity and positive
predictive value of endoanal MRI were 81% and 89%,
respectively, versus 90% and 85% at endoanal US).

The overall interobserver agreement for assess-
ment of sphincter integrity using endoanal MRI is
strongest if the sphincters are either both intact or
both disrupted (MALOUF et al. 2001). For individual
sphincters interobserver agreement for defects was
fair (external anal sphincter) and moderate (inter-
nal anal sphincter). A study of 30 patients reported
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moderate to good interobserver agreement (TERRA
etal. 2005). Intraobserver agreement was fair to very
good depending upon experience.

In summary, the present consensus in diagnosing
disorders of the external anal sphincter is that endo-
analUSandendoanal MRIare equivalent. Eventhough
internal anal sphincter disorders are adequately de-
picted at either endoanal US or endoanal MRI, there
is still no consensus about the preferred technique
of choice (STOKER et al. 2000; MALOUF et al. 2000;
DoBBEN et al. 2007b). The advantages of endoanal US
are its availability and limited costs. Furthermore, en-
doanal US has been used for a longer period of time
than MRI, resulting in more widespread experience
with the endoanal US technique (SULTAN et al 1994;
STOKER et al. 2000; BARTRAM 2003). In contrast, en-
doanal MRI may allow for a clear visualization of the
external anal sphincter as there is large contrast dif-
ference among the external anal sphincter muscle, its
borders, and the surrounding fat. The accurate dem-
onstration of the external anal sphincter facilitates the
evaluation of external anal sphincter atrophy.

4.6.5.2
The Role of Endoanal MRl in
Pre-Surgical Evaluation

In the selection of candidates for surgery, previous
studies have shown that endoanal MRI is an ac-
curate diagnostic technique in depicting external
anal sphincter atrophy (DESouza et al 1995; STOKER
et al. 1999; BrRIEL et al. 1999; Rocriu et al. 2000).
A study by BRIEL et al. (1999) showed that external
anal sphincter atrophy negatively affects continence
after anterior anal sphincter repair. In this study 8
out of 20 consecutive female patients had external
anal sphincter atrophy. Outcome was significantly
better in those without external anal sphincter at-
rophy (P=0.004).

In another study by BrIEL and colleagues (2001),
endoanal MRI correctly identified sphincter mor-
phology in 23 of 25 cases (92%). In detecting sphinc-
ter atrophy, endoanal MRI showed 89% sensitivity
and 94% specificity. Microscopic histopathological
investigation confirms findings of external anal
sphincter atrophy revealed by endoanal MRI. Histo-
logically, the external anal sphincter is considered to
be atrophied when the striated muscle tissue exhib-
its diminished volume in association with replace-
ment by fatty tissue (BRIEL et al. 2001; WILLIAMS et
al. 2001).

A recent pilot study concerning the role of en-
doluminal imaging in the clinical outcome of anal
sphincter repair of 30 patients (DoBBEN et al. 2007c)
showed that baseline measurement of preserved
external anal sphincter thickness at endoanal MRI
correlated with a better outcome (r=0.42; P =0.03).
As a consequence, preoperatively performed endo-
anal MRI might function as a potential predictor
of surgical outcome. The role of endoanal MRI in
selecting other surgical treatments has not been
studied yet.

4.6.5.3
The Role of Endoanal MRl in
Post-Surgical Evaluation

For postoperative assessment, the role of endoanal
MRI has not been thoroughly investigated. In a
pilot study by DoBBEN et al. (2007c), the authors
found that patients with a visible anal sphincter
overlap and less than 20% fat tissue at the level of
overlap had a better outcome than patients with a
non-visible, fatty sphincter overlap (P=0.037). Al-
though endoanal MRI could clearly depict the anal
sphincter overlap (Fig. 4.6.12), the depiction of re-

Fig. 4.6.12. Transverse endoanal T2-weighted fast spin-echo
(2,500/70) MR image obtained from a 31-year-old woman
(same patient as Fig. 4.6.7) after a complicated vaginal de-
livery (breech delivery, rupture). Patient underwent ante-
rior anal sphincter repair. Overlap of the right anterior anal
sphincter (thin arrows) over the left part is depicted. Much
less disordered architecture is demonstrated as preopera-
tively (Fig. 4.6.7). The patient improved substantially
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sidual external anal sphincter defects on endoanal
MRI was insufficient. In contrast, the study showed
that the depiction of residual external anal defect
on endoanal US was effective. Surgical outcome
was significantly worse in patients with a postop-
eratively depicted external anal sphincter defect at
endoanal US compared to patients without an EAS
defect (P=0.003).

4.6.5.4
The Role of External Phased-Array MRl in
Fecal Incontinence

Endoluminal techniques are primarily used at spe-
cialized centers as a dedicated device is necessary.
In addition, the introduction of the endoluminal
probe or coil leads to some discomfort. These two
disadvantages of endoluminal techniques could be
overcome with the use of external phased-array
coils. External phased-array MRI has widespread
use for imaging of pelvic diseases, but has not been
used for sphincter visualization in patients with
fecal incontinence. Although local spatial resolu-

tion is inferior to an endoluminal MRI, the de-
tail acquired is adequate for appreciation of anal
sphincter anatomy with subsequent sphincter
measurements in normal individuals (Fig. 4.6.13)
(BEETS-TAN et al. 2001). A recent study in a cohort
of fecal-incontinent patients showed that exter-
nal phased-array MRI is comparable to endoanal
MRI in the depiction of clinically relevant external
(P>0.99) and internal (P> 0.99) anal sphincter de-
fects (TERRA et al. 2005), providing that sufficient
experience is available (Fig. 4.6.14). Either tech-
nique corresponded in 25/30 (83%) patients for the
depiction of external anal sphincter defects and
in 28/30 (93%) for the depiction of internal anal
sphincter defects.

The depiction of atrophy by external phased-ar-
ray MRI versus endoanal MRI has been evaluated in
a comparative study in 30 patients with fecal incon-
tinence (TERRA et al. 2006b). The authors concluded
that external phased-array MRI and endoanal MRI
do not significantly differ in their ability to depict
external anal sphincter atrophy (P=0.63) with good
agreement (k=0.72) when sufficient experience is
available (Fig. 4.6.15).

Fig. 4.6.13. Transverse T2-weighted fast spin-echo (2,500/70) external phased-
array MR image shows the lower part of a normal external anal sphincter (ES) at
the mid-distal anal canal in a 56-year-old woman. The external anal sphincter is
demonstrated less with external phased-array MRI compared to endoanal MRI,
but can be readily identified. The internal anal sphincter can be identified as a
homogenous isointense to hypointense circular band surrounding the anal canal.
TPM = transverse perineal muscle, IAS = ischioanal space, GM = gluteus muscle
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Fig. 4.6.14. Transverse T2-weighted fast spin-echo (2,500/70)
external phased-array MR image obtained from a 42-year-
old fecal-incontinent woman after a complicated vaginal de-
livery (long labor, assisted delivery, rupture). Scar tissue at
the right anterior and anterior external anal sphincter. The
anterior part of the internal anal sphincter is thinned and
not well delineated. Note that scar tissue is more hypoin-
tense with distorted and asymmetric architecture. Moderate
atrophy of the external anal sphincter. IS = lower part of the
internal anal sphincter, TPM = transverse perineal muscle,
IAS = ischioanal space, GM = gluteus muscle

4.6.5.5

Comparison of Endoanal MRI versus
Three-Dimensional Endoanal US in the
Depiction of Atrophy

With endoanal US, the presence of atrophy of the
external anal sphincter can be evaluated to some
extent. Recently, the evaluation of sphincter atrophy
by three-dimensional (3D) endoanal US has been
studied. In a study with 18 patients, 3D endoanal
US and endoanal MRI showed no difference in
the assessment of external anal sphincter atrophy
(P=0.25), but there was a substantial difference in
grading (CAZEMIER et al. 2006). Another study with
18 fecal-incontinent patients shows that correlation
between the two imaging techniques for external
anal sphincter thickness, length, and area was poor.
In addition, correlation was also poor for external
anal sphincter volume determined on 3D endoanal
US and external anal sphincter thickness and area
measured on endoanal MRI (WEST et al. 2005). This
most likely can be attributed to the difficult delin-
eation of the external anal sphincter at endoanal

Fig. 4.6.15. Transverse endoanal T2-weighted fast spin-echo
(2,500/70) MR image showing thinning of the external anal
sphincter (ES) and diffuse replacement by fat in a 46-year-old
man with fecal incontinence with a neurological disorder (spi-
nal) in the past (same patient as Fig. 4.6.10). No generalized
atrophy of the internal anal sphincter (IS) was depicted

US. Fat replacement within the atrophied muscle
causes loss of the normal muscle/fat interface border
at the outer margin of the external anal sphincter.
The outer border of the external anal sphincter is
then not defined, and thickness cannot be accurately
measured (FUCHSJAGER and MAIER 2003). The role
of 3D endoanal US in the determination of sphincter
atrophy has not been established yet. More research
is needed with respect to this imaging technique.

Summary

For detection of internal and external defects, endo-
anal MRI is comparable to endoanal US. Given the
widespread availability and experience with endo-
anal US and most likely lower costs, endoanal US
can be used as the initial imaging technique. Endo-
anal MRI can be used as an alternative technique
with comparable accuracy for sphincter defects. The
major strength of endoanal MRI is in the detection
of external anal sphincter atrophy, which is a pre-
dictor of poor outcome of anterior anal sphincter
repair. Probably the best cost-benefit ratio can be ob-
tained by having patients first undergo endoanal US,
selecting patients as potential candidates for ante-
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rior anal repair. In potential candidates for surgery,
endoanal MRI is preoperatively performed to study
the presence of external anal sphincter atrophy. At
the postoperative stage, it is presumably most ef-
ficient to perform only endoanal US when surgery
has failed. The role of external phased-array MRI
warrants further study.
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Abstract

Symptoms alone are not reliable in the evaluation of
lower urinary tract dysfunction. Urodynamic inves-
tigations are used to assess the storage and voiding
functions of the lower urinary tract. The patient
symptoms are correlated to the urodynamics find-
ings with the aim of providing a pathophysiologi-
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cal explanation and guiding clinical management.
Urodynamics investigations encompass a variety
of tests that are useful in clinical practice. Some
are non-invasive and are routinely used in urology
clinics, whilst others are more invasive and require
specialist centres. Ultrasound imaging and video
fluoroscopy form a significant part of these tests
and provide live anatomical assessment of the lower
urinary tract.

Functions of the Lower Urinary Tract

The urinary tract as a whole is responsible for the
functions of urine production, storage and expul-
sion. The lower urinary tract is comprised by the
bladder and urethra, which form a single unit that
converts continuous urine production into intermit-
tent micturition. Together they are responsible for
the adequate low-pressure storage of urine and its
efficient emptying at the appropriate time and place
(CHAPPLE and MAcCDI1ARMID 2000).

When considering the functions of the bladder
and urethra, it is important to be clear on the func-
tions of each during storage and voiding (ABRAMS
2006b). In normal storage the bladder remains re-
laxed and accommodates urine at low-pressure,
while the urethral sphincter is contracted to prevent
urine leakage. During normal voiding the urethral
sphincter relaxes, while the bladder mounts a sus-
tained contraction to expel urine out completely
(ABRAMS 2006b). Once normal function is identi-
fied, it becomes easy to describe the principal forms
of lower urinary tract dysfunction (Table 4.7.1)
(ABRAMS 2006a).
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Table 4.7.1. Lower urinary tract functions and dysfunctions (ABRAMS 2006a)

Abnormal

Underactive

Obstructive (functional or structural)

Storage phase Voiding phase
Normal Abnormal Normal
Bladder Relaxed Overactive Contracted
Competent Incompetent Relaxed

Lower Urinary Tract Symptoms

Evaluation of lower urinary tract dysfunction is
based on a combination of full history, clinical ex-
amination, some laboratory tests and occasionally
radiography, endoscopy or urodynamics (CHAPPLE
and MacDiarRMID 2000). The various symptoms
associated with lower urinary tract dysfunction
(LUTD) have been classified by the International
Continence Society (ICS) broadly into storage, void-
ing and post micturition symptoms (Table 4.7.2)
(ABRAMS et al. 2002). All the terminology used in
this chapter is ICS terminology, and clinicians are
encouraged tolearn and use the correct terminology
to allow for clear communication between health-
care professionals (ABRAMS 2006Db).

Unfortunately symptoms alone are not reliable in
the evaluation of lower urinary tract dysfunction be-
cause there is considerable overlap among the symp-
toms for different urological conditions (CHAPPLE
and MacDiarMID 2000; PATEL and RICKARDS
2005), and therefore further tests are usually neces-
sary to identify different disorders.

Urodynamic investigations are objective tests of
the storage and emptying functions of the bladder
and urethra. When properly performed and accu-
rately interpreted, they improve diagnostic capa-
bilities and are useful in formulating treatment
strategies and improving outcomes (CHAPPLE and
MacDiARMID 2000).

Urodynamic Investigations

The term urodynamics may encompass a variety
of investigations of urinary tract function with
varying complexity (see below) (CHAPPLE and

Table 4.7.2. Lower urinary tract symptoms (ABRAMS et al.
2002)

Function Symptoms

Storage e Urgency
e Frequency
e Nocturia
e Urinary incontinence
e Abnormal bladder sensation
Voiding e Hesitancy
e Straining
e Slow or intermittent stream
e Terminal dribble
Post micturition e Post micturition dribble

e Feeling of incomplete emptying

MAcDIARMID 2000; SCHAFER et al. 2002). However,
most practitioners use the term when referring to
the assessment of bladder filling with cystometry
and the assessment of bladder emptying with pres-
sure-flow studies. Videourodynamics adds X-ray
fluoroscopy, therefore combining both anatomi-
cal and functional assessments, which is useful
as many of the functional symptoms are the con-
sequence of a structural abnormality (PATEL and
RICKARDS 2005).

Urodynamic investigations include (CHAPPLE
and MacDI1ARMID 2000; SCHAFER et al. 2002):
e Frequency-volume charts
e Pad testing
e Uroflowmetry
e Cystometry
@ Pressure-flow studies
e Videourodynamics
e Ambulatory urodynamics
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e Urethral function studies
e Neuro-physiological investigation
e Upper tract urodynamics (Whitaker test)

4.7.3.1
Frequency-Volume Charts

The frequency-volume chart (FVC) is a useful tool
in the assessment of storage and voiding symptoms.
The patient measures the volumes voided and re-
cords the times and volumes over a period of 4-
7 days. The chart provides an objective measure of
the frequency of voiding as well as the urine output,
which helps in identifying symptoms caused by in-
creased urine output. The recording of incontinence
episodes and use of pads gives the clinician more
insight into the severity of symptoms. It is also use-
ful as feedback on the effectiveness of treatment.
The average volume voided is used as a guide to the
filling volume in cystometry to prevent overfilling
of the bladder.
Indications for a frequency-volume chart in-
clude:
@ Baseline assessment of storage and voiding symp-
toms
e Objective feedback on the effectiveness of treat-
ment
e Prior to filling cystometry to guide filling
volume

4.7.3.2
Pad Testing

It is difficult to ascertain the severity of urinary
incontinence objectively from clinical history as
patients’ bother of incontinence and use of pads
varies greatly. The pad test is used as an objective
measure of the amount of leakage caused by day-to-
day activities. The patient wears a pre-weighed pad
and performs various activities that would normally
reproduce the patient symptoms; the pad’s weight is
measured and recorded at intervals. Due to possible
weighing errors, sweating or vaginal discharge, an
increase in pad weight of 1 g over 1 h is not consid-
ered as incontinence.
Indications for pad testing:
e Assessment of the presence and severity of incon-
tinence
@ Objective feedback on the effectiveness of treat-
ment

4,7.3.3
Uroflowmetry with Ultrasound Estimation of
Post-Void Residual

Urine flow studies investigate the voiding function
of the lower urinary tract. Uroflowmetry involves
a simple non-invasive technique (ABRAMS 2006b)
where voiding is plotted as urine flow against time.
The two main types of commercially available flow-
meters are the gravimetric (measuring change in
weight of urine collected against time) and rotating
disk method (measuring the power requirement to
keep a constant speed as urine falls on the disk)
(Sm1TH 1992).

The pattern of the flow plot is typically a smooth
bell-shaped curve in a normal flow (Fig.4.7.1a),
while the flow curve is flattened in bladder outlet
obstruction (Fig. 4.7.1b). It is important to identify
artefacts that may modify the signal and result in
misleading values from the flowmeter’s automated
analysis (Fig. 4.7.1c).

The main parameter obtained from uroflowmetry
is the maximum flow rate (Q,,,,), which, as the name
implies, is the highest flow rate reached for a given
curve. Maximum flow is reached within the first third
of the plot, and the higher the Q. , the less likely it is
for a patient to have bladder outlet obstruction. While
90% of patients with Q,,, <10 ml s! are obstructed,
35% of patients with a Q,,, between 10 and 15 ml s
are not obstructed, and the low flow rate is due to de-
trusor underactivity (ABRAMS 2006b).

The results have to be interpreted within the con-
text of a number of factors, including gender, age and
voided volume. The voiding pattern has to be inter-
preted with caution if the voided volume is less than
150 ml. The results can be compared to published
nomograms, such as the nomogram published by
SIROKY et al. (1979) and the Bristol nomogram.

In a normal flow the detrusor must elevate intra-
vesical pressure enough to allow expulsion of urine
past any resistance by the urethra. An abnormal flow
indicates that some component in the lower urinary
tract is abnormal (at least during voiding). Unfortu-
nately, the converse is not always true; for example,
a normal flow may still be seen in bladder outlet ob-
struction if this was produced by a stronger than nor-
mal detrusor contraction (Table 4.7.3) (SMI1TH 1992).
Furthermore, the test does not indicate the cause of
the abnormality in most situations (SM1TH 1992), and
areduced Q,,,, despite a suitable voided volume does
not differentiate between weak detrusor contractility
and bladder outlet obstruction (Table 4.7.3). None-
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the maximum flow rate in the first third of the curve. b An elongated flow curve due to bladder outlet obstruction; note the
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theless, uroflowmetry is very valuable in informing e Before and after surgical procedures that modify
and directing further urodynamic investigations. the voiding function

Uroflowmetry is combined with ultrasound of the
bladder to provide further information on voiding
function. The patient voids into a flowmeter, and the
bladder is scanned soon after voiding to assess post-

Table 4.7.3. The relationship between lower urinary tract
function and detrusor pressure and flow

void residual volume (PVR). Bladder capacity canbe Ry Pressure  Obstruction Contractility
calculated by adding PVR to the voided volume. Normal  Low Unobstructed ~ Normal

Indications of uroflowmetry include (ABrRAMS o~ = obstructed  Normal
2006b; SMITH 1992): -
e Investigating voiding function Normal  High Obstructed S
e Assessment of recurrent lower urinary tractinfec-  Low High Obstructed Strong

tions ) Low Normal Equivocal Equivocal
e Before and after pharmacological treatment of

Low Low Unobstructed Weak

LUTS
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4.7.3.4
Basic Urodynamics

There might be some variation in technique among
urodynamics units, which may be due to the work-
load, expense or the experience of the staff. Never-
theless, the International Continence Society (ICS)
has produced a guide to good urodynamic practice
(SCHAFER et al. 2002).

Due to the various referral sources at our centre
from urology, gynaecology, general practice and
specialist nurses, it has been our practice to obtain
full urological history prior to performing urody-
namics. This allows the investigator to tailor the test
to the patient’s complaint.

Clinical examination is performed to elicit signs
relevant to the patient’s complaint. The patient’s
abdomen is examined for a palpable bladder, and
neurological assessment of the lumbar and sacral
roots, including perianal sensation and anal tone, is
performed.

In men, digital rectal examination is performed
in the left lateral position to assess prostate size and
texture as patients with larger prostates respond
better to 5-alpha reductase inhibitors. Pelvic floor
strength could be assessed by asking the patient to
squeeze around the examining finger; this is partic-
ularly important in those who present with incon-
tinence.

In women, the patient is asked to cough while the
urethral meatus is visualised in the supine position.
This would demonstrate the sign of stress inconti-
nence (ABRAMS et al. 2002). It is important to assess
the oestrogenisation of the vaginal mucosa, which
may play a significant partin urgency symptoms and
bladder pain. The pelvic floor strength is assessed by
asking the patient to tighten her pelvic floor during
vaginal examination. Then the patient is asked to
lie in a left lateral position to perform a speculum
examination of the vagina using a Sims speculum
to identify the presence of uterine/vault prolapse as
well as anterior or posterior vaginal wall prolapse.
The assessment of pelvic organ prolapse (POP) may
be assessed using a POPQ assessment tool (Bump et
al. 1996).

Remaining in a left lateral position, a rectal bal-
loon catheter is inserted to measure abdominal pres-
sure (p,pq)> and then urethral catheters are inserted
in supine position using aseptic technique. Any
residual volume in the bladder is emptied via the
urethral catheter, and the volume is recorded. Two
separate urethral catheters may be used for bladder

filling and measurement of vesical pressure (P>
or alternatively a biluminal catheter is used [the
technique for inserting two catheters is described
by ABRAMS (2006b)]. The activity of the detrusor
muscle is assessed by measuring detrusor pressure
(Pger)> Which is electronically calculated by the sub-
traction of p,p4 from p,., to remove the artefacts due
to changes in abdominal pressure (HousamI et al.
2007).

The ICS recommends that both abdominal and
vesical pressures be zeroed to atmospheric pressure
(ScHAFER et al. 2002) using the reference level of the
upper symphysis pubis. Quality control of the pres-
sures is achieved throughout the test by asking the
patient to cough and noting equal spikes in pressure
on both p,, and p,;4 lines.

The aim of urodynamics is to reproduce the
patient’s symptoms so that they could be related to
synchronous urodynamics events, and some provo-
cation may be necessary to elicit patient symptoms
(ABRAMS 2006b). Asking the patient to cough or jog
is used to elicit stress incontinence, and urgency
may be provoked by the sound of running water.
The test report should clearly indicate whether it
was possible to reproduce the patient’s symptoms
(ABRAMS 2006b). A normal cystometrogram in a pa-
tient with LUTS should be considered normal only if
the clinician is convinced that everything possible
has been done to replicate the patient’s symptoms
(SMITH 1992).

Filling cystometry describes the filling part of
basic urodynamics where the pressure-volume
relationship of the bladder is measured (ABRAMS
2006b; CHAPPLE and MAcD1ARMID 2000). It is our
practice to fill the bladder in a standing position in
men and sitting position in women. A recent review
of the literature concluded that performing fill-
ing cystometry in the supine position would miss a
large proportion (33-100%) of detrusor overactivity
(AL-HAYEK et al. 2007). The bladder is filled with
normal saline (contrast medium in videourody-
namics) at room temperature with a controlled rate
(usually 50 ml min™).

During bladder filling the patient is asked to
report sensations of bladder filling, first desire to
void, normal desire to void, strong desire to void
and the presence of urgency. These should be an-
notated on the trace for future reference (ABRAMS
et al. 2002).

The filling volume is usually guided by the pa-
tient’s frequency-volume chart as well as the patient
sensation at the time. The maximum cystometric
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capacity varies with age and gender, usually 400-
600 ml in an adult male. Some patients have a re-
duced bladder capacity either due to early sensation
of bladder filling or to poor bladder compliance (see
below). In others the bladder capacity remains nor-
mal, but they fail to empty the bladder completely,
leaving them with a reduced functional capacity.

Bladder compliance measures the relationship
between the change in bladder volume and change
in pressure using the equation:
Compliance = Avol /A p (4.7.1)

Although the ICS has not defined a specific value
for normal compliance, it is generally considered
normal if it is greater than 40 ml cmH,0"! (ABRAMS
2006b).

During bladder filling, the bladder should remain
relaxed despite provocation with little rise in pres-
sure. Detrusor overactivity is a urodynamic obser-
vation characterised by an involuntary detrusor
contraction that may be spontaneous or provoked
(ABrAMS et al. 2002). This may also be associated
with leakage (detrusor overactivity incontinence;
Fig. 4.7.2). Detrusor overactivity is considered sig-
nificant only if it replicates the patient’s symptoms
of urgency plus or minus urgency incontinence.

The normal urethra remains competent during
storage and its incompetence causes urodynamic
stress incontinence, which is demonstrated by invol-
untary leakage on increasing abdominal pressure
(e.g., coughing) in the absence of detrusor contrac-
tion (Fig. 4.7.3) (ABRAMS et al. 2002). The abdominal
leak point pressure is a crude measure of the abil-
ity of the bladder neck and urethral sphincter to
maintain continence. It is the abdominal pressure at
which leakage occurs when the patient is asked to do
Valsalvamanoeuvre with graduatedincreasein pres-
sure (CHAPPLE and MACDIARMID 2000). It is gener-
ally accepted that patients with intrinsic sphincter
deficiency will leak at lower pressures (less than
60 cmH,0) when compared to patients with stress
incontinence due to reduced bladder neck support
who leak at pressures more than 100 cmH,0. The
detrusor leak point pressure, on the other hand, is
the detrusor pressure at which the leak occurs. It
is used in the assessment of the risks to the upper
tracts in patients with neuropathic disorders. In
this group of patients the upper tracts are at higher
risk of damage if the detrusor pressure rises to more
than 30-40 cmH,0 during filling (CHAPPLE and
MAcDIARMID 2000).

The voiding function is assessed with a pres-
sure-flow study where synchronous measurements
of vesical pressure, abdominal pressure and urine
flow rate are taken. Prior to voiding, the bladder fill-
ing line is removed (to avoid an obstructive effect),
while the pressure catheter is supported to remain in
the bladder. After ensuring that the quality control
of the pressures is satisfactory, the patient is asked
to void into the flowmeter.

Pressure-flow studies allow for a physiological as-
sessment of detrusor motor function as well as the
resistance of the urethra during voiding. In normal
voiding there is a sustained detrusor contraction
with good continuous flow and complete emptying
of the bladder (Fig. 4.7.4). Contraction of the detru-
sor muscle is reflected in a rise in both vesical and
detrusor pressure (but not abdominal pressure)
(HousaMi et al. 2007).

Much work has been done to try and identify
men with bladder outlet obstruction from pressure-
flow studies. The ICS developed a nomogram based
on the previous work by (ABRAMS and GRIFFITHS
1979) that groups voiding into obstructed, non-ob-
structed or equivocal obstruction. The maximum
flow rate (Q,,,,) and detrusor pressure at maxi-
mum flow rate (Pgeiqmax) are used to calculate the
bladder outlet obstruction index (BOOI) using the
formula:

BOOI= Paerq.. ~ 2 Quax (4.7.2)

Patients are obstructed if the BOOI >40, equiv-
ocal if the BOOI is 20-40 and unobstructed if the
BOOI <20 (ABRAMS 1999). The ICS also defined a
bladder contractility index (BCI) based on work by
(SCHAFER 1990) to assess the detrusor contractility
during voiding.

BCI = Pgerq... + 5 Quuax (4.7.3)

Using the above formula, strong contractility was
defined as BCI >150, normal contractility BCI of
100-150 and weak contractility BCI <100 (ABRAMS
1999).

The quantification of obstruction and detrusor
contractility is useful in predicting outcome and
guiding further management. Patients with proven
obstruction on pressure-flow studies have a high
chance of success with TURP, while patients with
weak detrusor contractility are at higher risk of re-
tention following TURP (ABRAMS 2006b).
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Indications for urodynamics include (CHAPPLE

and MAcDIARMID 2000):

e Failure of medical management (e.g., persistent
overactivity despite anti-muscarinics)

e Prior to undertaking surgical treatment, for
example, prior to surgery for stress urinary incon-
tinence or before prostatectomy for benign pros-
tatic obstruction.

4.7.3.5
Videourodynamics

In videourodynamics, fluoroscopy of the bladder
and urethra during filling and voiding allows a
combined functional and anatomical assessment of
the lower urinary tracts. Table 4.7.4 lists the various
features that may be seen on video urodynamics
along with the possible diagnosis.

The normal bladder is round or elliptical in shape
with a smooth outline. The bladder base is well sup-
ported and should remain above the level of the
lower part of the symphysis pubis on coughing or
straining. The ureteric valves prevent reflux into the
upper system during both filling and voiding. The
urethral sphincter is closed during bladder filling,
preventing any leakage, while it opens to allow void-

ing and contrast fills the urethra with a uniform
calibre. At the end of voiding, there is no contrast
remaining in the bladder.

Trabeculation of the bladder (Fig. 4.7.5) may be
seen in detrusor overactivity due to frequent detru-
sor contractions against a closed urethral sphincter.
It is also seen in bladder outlet obstruction, usually
in men with benign prostate enlargement, most fre-
quently when there is also detrusor overactivity on
filling. High pressures in the bladder are occasion-
ally responsible for the formation of a bladder diver-
ticulum (Fig. 4.7.6), while patients with neurogenic
bladder have a typical fir tree-shaped bladder.

Fluoroscopic screening during three consecu-
tive coughs demonstrates the level of support to the
bladder base as well as the presence of stress incon-
tinence (Fig. 4.7.7). Causes of stress urinary incon-
tinence have historically been classified into two
groups, intrinsic sphincter deficiency and bladder
neck hypermobility. The classification of stress uri-
nary incontinence originally proposed by GREEN, Jr.
(1968) and later modified by BLaivas and OLssON
(1988) is based on the fluoroscopic imaging of the
bladder. On AP imaging, the bladder neck posi-
tion may be low (below the level of the upper third
of symphysis pubis), signifying the loss of pelvic
floor support (CHAPPLE and MacDI1ARMID 2000).
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Table 4.7.4. Normal and abnormal features on videourodynamics

Video features Possible diagnosis

1. Bladder shape Round or elliptical shape Normal
Trabeculated Detrusor overactivity with/without bladder outlet obstruction
Fir tree shape Neurogenic bladder
Diverticulum Detrusor overactivity with/without bladder outlet obstruction
Low bladder Reduced bladder support from pelvic floor muscle and endopelvic

fascia and associated anterior vaginal wall prolapse
Ureteric reflux Recurrent UTIs
Greater risk to upper tracts

Neurogenic bladder

2. Bladder neck Well supported Normal
Movement on coughing Stress urinary incontinence
Leakage on coughing Stress urinary incontinence

3. Voiding features  Narrowing in urethra Detrusor sphincter dyssynergia

Benign prostatic obstruction
Urethral stricture
Ureteric reflux Increased risk to upper tracts
Residual urine Recurrent UTIs
Bladder outlet obstruction

Weak detrusor contractility

Fig. 4.7.5. Fluoroscopy of the bladder during filling showing  Fig. 4.7.6. Fluoroscopy of the bladder during voiding show-
trabeculation and marked sacculation of the bladder wall.  ing a large bladder diverticulum. The combination of focal
Trabeculation is seen in patient with detrusor overactivity = detrusor wall weakness and high bladder pressure (usually
where the detrusor often contracts against a closed outlet against closed outlet) causes the formation of diverticuli.
Large diverticuli could impair bladder function signifi-
cantly; the diverticulum fills up during voiding and later
refills the bladder, causing a post-void residual volume
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When the urethra does not move, it is indicative of
stress urinary incontinence due to intrinsic sphinc-
ter deficiency. Imaging in the transverse position
may be used to differentiate between bladder neck
and anterior vaginal wall prolapse (CHAPPLE and
MAcDIARMID 2000).

Filtration of urine in the kidneys requires low
pressure in the upper urinary tracts. It is, therefore,
the function of the bladder to store urine in a low-
pressure system and of the vesicoureteric valves to
protect the upper tracts from the raised pressure
during voiding. Vesicoureteric reflux (VUR) can be
damaging to the kidneys and their function, espe-
cially in neurological patients who more frequently
have high filling bladder pressures. On videourody-
namics it is possible to identify VUR during filling
or voiding (Fig. 4.7.8).

Fluoroscopy of the bladder and urethra during
voiding allows a combined functional and anatomi-
cal assessment (Fig. 4.7.9), identifying the presence
of ureteric reflux or the site of urethral obstruction.
On voiding the bladder neck should open widely. If it
remains closed despite high detrusor pressure, this
is due to failure to relax (detrusor-bladder neck dys-
synergia); a clue is trapping of urine in the proximal
urethra (failure of retrograde emptying). Urethral
overactivity occurs in neuropathic vesico-urethral
dysfunction and is characterised by a narrowing
at the level of the distal urethral sphincter mecha-
nism.

Indications for videourodynamics include:

e Defining the site of bladder outlet obstruction
(especially in younger men)

e Recurrent female stress incontinence after sur-
gery

e Bladder neck position and support (usually
females)

e Neurological disease likely to cause vesico-ure-
thral dysfunction

e Surgical complications (e.g., post-prostatectomy
incontinence)

e Children with abnormal voiding prior to invasive
therapy

e Impaired renal function without intrinsic renal
disease.

4.7.3.6
Ambulatory Urodynamics

The setting for routine urodynamics is rather artifi-
cial in terms of filling fluid, rate of filling and the en-
vironment around the patient. It is performed over
a short time and in different circumstances to the
patient’s daily activities. Ambulatory urodynamics
are used in situations where routine urodynamics
fail to reproduce the patient’s symptoms (ABRAMS
2006b).

Catheter-tip mounted pressure transducers are
used, which are then connected to a small recording

Fig. 4.7.7a,b. Fluoroscopy of the bladder during filling. The normal bladder neck is above the level of the symphysis pubis
and should remain so during coughing. a In this patient the bladder neck beaks (opens slightly) and is behind the symphysis
pubis at rest and (b) it descends with coughing, signifying reduced pelvic floor support

b
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Fig. 4.7.8. Fluoroscopy of the upper part of the bladder dur-
ing voiding showing right vesico-ureteric reflux. This is es-
pecially important in young patients as high pressure reflux
puts the upper tracts at risk of kidney damage

device for the patient to carry. The patient is asked
to perform activities as close as possible to daily
activities that are likely to provoke the symptoms;
he/she is able to annotate the recording with the ac-
tivities or events. These recordings can be correlated
to the pressure changes when the recording is later
reviewed.

As well as being closer to the patient’s daily ac-
tivities, ambulatory urodynamics differ in that the
bladder is allowed to fill naturally over a longer pe-
riod of time. It is possible to measure leakage by
weighing the pads, and in some systems these have
an electronic sensor to detect the timing and amount
of leakage.

4.7.3.7
Urethral Function Tests

Normal urethral function requires a closed urethra
during urine storage in order to maintain conti-
nence and for the urethra to relax and open com-
pletely when voiding is attempted. Measurement of
urethral pressure, at rest, provides indirect data on
its function.

Fig. 4.7.9. Fluoroscopy of the bladder and urethra during
normal voiding. The bladder and urethra are screened in 45°
oblique view, which allows a better visualisation of the ure-
thra. This provides an anatomical assessment of the urethra
during voiding and allows for the localisation of obstructive
lesions. It is also particularly useful in the assessment of ure-
thral sphincter dysfunction

The urethral pressure profile (UPP) is a plot of
urethral pressure measurement along the length
of the urethra. The typical UPP in females shows
the maximum pressure at the mid-urethral point
where the urethral sphincter is situated (Fig. 4.7.10).
EpwARDSs and MALVERN (1974) suggested a formula
of maximum urethral closure pressure to predict
stress incontinence in females with an accuracy of
66%. The typical urethral pressure profile in a male
demonstrates the pressure exerted by the prostate as
well as the sphincter pressure (Fig. 4.7.11). Prostatic
length, plateau height and prostatic area correlate
with bladder outlet obstruction.

The urethral pressure profile is useful in the as-
sessment of urethral sphincter function in females
with symptoms of stress incontinence and in males
with complications of surgery such as incontinence
following TURP.

4.7.3.8
Neuro-Physiological Investigations

In the vast majority of patients, careful physical
examination and detailed analysis urodynamic in-
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Fig. 4.7.10. Two urethral pressure profiles in a female; the urethral pressure is plotted along its length (from bladder to
outside). The trace shows urethral pressure (black), vesical pressure (blue) and the urethral closure pressure (orange), which
is calculated as the difference between urethral pressure and vesical pressure. The maximum urethral pressure (MUP) rep-
resents the urethral sphincter and may be used with the maximum urethral closure pressure (MUCP) by some clinicians
to inform treatment decisions of stress incontinence. The pelvic floor increment (the increase in pressure above MUP with
pelvic floor squeeze) represents the strength of the pelvic floor muscles

vestigations provide sufficient information to guide
clinical management. However, in a small propor-
tion of patients, neuro-physiological investigations
provide useful information. The assessment of the
urethral sphincter using surface or needle electro-
myography (EMG) allows for the study of the depo-
larisation of the striated muscle of the sphincter. Ac-
tion potentials may be displayed on screen or played
as sound waves. The tests require specific skills and
therefore are only carried out in specialist centres.
A high percentage of women with voiding difficulty
have been shown to have abnormal sphincter activ-
ity as the cause of their symptoms (FOWLER et al.
1988).

Indications for neuro-physiological investiga-
tions include:
e Neurogenic voiding dysfunction
e Women with voiding difficulty
e Children with dysfunctional voiding

4.7.3.9
Urodynamics of the Upper Tracts
(Whitaker Test)

This is a functional pressure-flow assessment of the
upper urinary tract and is indicated if other inves-
tigations have returned equivocal results (CHAPPLE
and MacD1ARMID 2000). It is an invasive procedure
that requires a nephrostomy to measure pressure in
the renal pelvis, while bladder pressure is measured
via a urethral catheter.

Dilute contrast is infused into the nephrostomy
tube at 10 ml min™! with simultaneous recording of
the pressures. High pressures in the renal pelvis in-
dicate ureteric obstruction, and fluoroscopy gives
additional anatomical information (CHAPPLE and
MacDIARMID 2000).
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Fig. 4.7.11. Urethral pressure profile (UPP) plot in a male; the urethral pressure is plotted along its length (from bladder to
outside). The trace shows urethral pressure (black), vesical pressure (blue) and the urethral closure pressure (orange), which
is calculated as the difference between urethral pressure and vesical pressure. The male UPP starts with a prostatic rise in
pressure to a prostatic plateau and then maximum urethral pressure (MUP) at the sphincter. The pelvic floor increment (the
increase in pressure above MUP with pelvic floor squeeze) represents the strength of the pelvic floor muscles

Summary

Urodynamic investigations encompass a variety of
tests investigating both storage and voiding func-
tions of the lower urinary tract. Some of these are
non-invasive and are used routinely in the assess-
ment of lower urinary tract symptoms such as
frequency-volume charts or uroflowmetry, whilst
other tests such as neuro-physiological tests are
reserved for a select group of patients. Interpre-
tation of test results is dependent on the quality
of the traces, and therefore quality control dur-
ing the test is very important. Videourodynamics
combines anatomical and functional assessments
of the lower urinary tract, and it is especially useful
in neurological disease or failure of surgical treat-
ment. Clinicians are encouraged to follow the In-
ternational Continence Society’s guidance on good
urodynamic practice.
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Introduction

Understanding the physiology of defaecation and
continence requires an appreciation of the inter-
play among the anal sphincter, rectum and pelvic
floor, which although anatomically simple is physi-
ologically complex. Whilst gold standards to define
function remain elusive, there are in routine use a
number of techniques for studying the motor and
sensory elements of anorectal physiology. Further-
more, recent studies have proposed a key role for rec-
tal compliance and sensitivity in the pathogenesis of
faecal incontinence and rectal evacuation disorders.
This chapter focuses primarily on the rationale for,
and the clinical value of, performing these tests with
only brief detail of the methodology.

A. V. EMMANUEL, MD, BSc, FRCP
Director of GI Physiology Unit, University College Hospital,
235 Euston Road, London NW1 2BU, UK

Clinical Features

The interpretation of anorectal physiology must
take into account the impact of a patient’s symptoms
on the lifestyle and quality of life of that patient.
An accurate history, which also encompasses an
enquiry into relevant aetiological factors, remains
the starting point of assessment. Symptom diaries
and assessment questionnaires, completed prior to
clinical examination, greatly assist this process by
quantifying the extent, timing and social context
of symptoms. However, questionnaires are only
an adjunct to history taking. There is no existing
symptom questionnaire that on its own addresses
anorectal dysfunction comprehensively (JorGE and
WEXNER 1993; VAIZEY et al. 1999). Recently, disease-
specific quality-of-life instruments have been devel-
oped to complement this scored questionnaire data
(BYRNE et al. 2002; VoskIUJL et al. 2004; MARQUIS
et al. 2005). To date, the role of these instruments is
mostly in the research setting.

Basic questioning in constipation should elicit a
history of infrequent defaecation or evacuatory dif-
ficulty (or both). In a patient with incontinence, it
is essential to differentiate between urge inconti-
nence (loss of stool despite attempts to inhibit de-
faecation) and passive incontinence (loss of stool
without patient awareness). Urge incontinence is
usually associated with external anal sphincter
dysfunction, whilst passive leakage reflects inter-
nal anal sphincter dysfunction (ENGEL et al. 1995).
Nocturnal faecal incontinence suggests a neurologi-
cal causation of symptoms. Anorectal physiology
has a greater decision-assisting role in patients with
incontinence compared to those with constipation,
where it is important only in those with a lifelong
history of constipation with no faecal soiling, as this
raises the possibility of congenital disorders such as
Hirschsprung’s disease.
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Physical examination may reveal a clue as to ae-
tiology, such as a neurological or connective tissue
disorder. Perineal examination may demonstrate
soiling, or erythema and excoriation from chronic
incontinence. Digital assessment may give an indi-
cation of anal tone, though this correlates poorly
with clinical, manometric or histological assessment
(HALLAN et al. 1989; SULTAN et al. 1994). If a patient
is suspected of having an external rectal prolapse,
this needs to be evaluated while the patient strains
seated on a toilet. Rigid sigmoidoscopy is manda-
tory when there is any suspicion of organic disease.
In both constipated and incontinent patients, digital
examination is of value to detect faecal impaction.

Anorectal Manometry

Analmanometry determines the functional strength
of the anal sphincter complex. The length of this
complex is defined as the region where the rest-
ing pressure is >5 mmHg above rectal pressure.
Traditionally a station pull-through method has
been used to measure sphincter pressures, where
a manometry catheter is inserted transanally into
the rectum and pressure measurements recorded at
0.5-cm intervals as the catheter is withdrawn. The
original manometry systems used air- or water-filled
microballoons, and whilst they gave a pressure that
equated to a summated “global” pressure, a major
problem of poor reproducibility remained. Modern
manometric methods use water-perfused systems
or solid-state pressure transducers mounted on
catheters. Such catheters typically carry between
four to eight measuring ports (Fig. 4.8.1). Sphincter
pressures are typically expressed as an average of
the recordings from each transducer. The repeat-
ability of this technique has been studied in small
series with only moderate interobserver reproduc-
ibility demonstrated (HALLAN et al. 1989; ROGERS
et al. 1989). A larger, more recent study (NICHOLLS
et al. 2002) has shown that clinically accurate and
reproducible results are obtained in up to 92% of
patients. The limitations of solid-state catheters are
that the sheer size (and expense) of the transducers
limit the number of measurement ports that can
be arranged radially. The water-perfused systems,
being smaller, allow multiple measurement ports
to be arranged radially and longitudinally along a

catheter. A recent development is high-resolution
anal manometry in which 16 measurement ports
are available at one level, and it has been suggested
that this may reduce the circumferential asymmetry
that occurs with conventional four- or eight-channel
manometry (JoNESs et al. 2007).

Whichever form of measurement is used, there
are two primary measurements made with anorectal
manometry - the resting and voluntary contraction
anal sphincter pressures. Resting pressure correlates
predominantly with internal anal sphincter tone,
while contraction (“squeeze”) pressure reflects pre-
dominantly external anal sphincter function (ENGEL
et al. 1995). This implies that when making resting
sphincter pressure measurements, the patient should
be as relaxed as possible so as not to be contracting
their external sphincter due to anxiety. Contraction
pressure values are obtained by asking the patient
to voluntarily squeeze their anal sphincter whilst
the catheter is pulled through the anal canal. This
can be assessed either as the average value obtained
while the catheter is pulled rapidly through the ca-
nal or alternatively the average of multiple measure-
ments made at discrete 0.5-cm “stations”. Typical
values for resting, internal sphincter pressure are
between 50 and 65 mmHg, being slightly higher
in men than women (READ et al. 1979; LOENING-
Bauckk and ANURAS 1984; McHUGH and DIAMANT
1987; NicHOLLS et al. 2002). The range of normal
values for contraction pressure is between 60 and
150 mmHg above resting sphincter pressure. Con-
traction pressures are consistently higher in men
than women, and also tend to decline with age even
in the absence of any pathology (READ et al. 1979;
LOENING-BAUCKE and ANURAS 1984; McHUGH and
DIAMANT 1987; NICHOLLS et al. 2002).

Functional anal canal length is determined dur-
ing the pull-through method, representing where
anal sphincter pressure is greater than 5mmHg
above rectal pressure. There is seemingly a gender
difference in this functional length, which in males
is between 2.8 and 4.5 cm and in females is between
2.2and 4.0 cm (LOENING-BAUCKE and ANURAS 1984;
McHuGH and DIAMANT 1987). An additional record-
ingthatis often made is of involuntary anal sphincter
contraction pressure. The patient is asked to cough
or in some other way to raise the intraabdominal
pressure whilst concurrently recording the reflex
increase in external sphincter contraction that oc-
curs. This involuntary measure is held to reflect the
maximal potential strength of the external sphincter
and may be related to treatment outcome (NORTON
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Fig. 4.8.1a,b. The eight radial catheter channels (a) are perfused with sterile water from (b) a pres-
surized reservoir (I) connected individually (2) to a capillary pressure transducer (3). Readings from
each of these pressure transducers is sent to a PC for display and analysis

and KaMmm 2002). An additional manometric mea-
sure that has been reported to reflect the fatigability
of anal function is the duration of maximal squeeze
pressure (READ et al. 1979; MARCELLO et al. 1998;
NicHoLLs et al. 2002). These latter two measures,
however, suffer from poor interobserver reproduc-
ibility, and their clinical value is as yet unproven.

One other clinically valuable manometric mea-
sure is confirming the presence of the rectoanal in-
hibitory reflex. This normal reflex is elicited by in-
flating a balloon in the rectum while simultaneously
performing anal manometry. Absence of the reflex
obviates the need for surgical histology in a patient
with a history suggestive of Hirschsprung’s disease
(ToBON et al. 1968).

4.8.3.1
Vector Manometry

It is known that anal canal “pressures” are not ra-
dially symmetrical-in the proximal canal anterior
quadrant pressures are lower, and in the distal canal
posterior quadrant pressures are lower (TAYLOR et al.
1984). Vector manometry (vectometry) allows pres-
sure profiling along the length of the anal canal to
define this functional asymmetry. To date, however,
there has been a disappointing absence of correlation

between pressure asymmetry areas and defects on
anal electromyography (see below) or endoanal ultra-
sound (PERRY et al. 1990; YANG and WEXNER 1994).
Endoanal ultrasound remains the gold standard for
identification of traumatic sphincter injury.

4.8.3.2
Anal Electromyography

Anal sphincter electromyography (EMG) provides
information about the presence of sphincter defects
and helps identify nerve injury. Measurement is per-
formed by needle electrode (concentric or single-
fibre), surface EMG pads or anal plugs. Concentric
EMG samples the action potentials from up to 25
motor units, identifying areas of absent electrical
activity representing either scarring or a frank de-
fect in the muscle. Single-fibre EMG can be used to
further define these areas of absent electrical activ-
ity, identifying denervated or reinnervated areas of
muscle based on the patterns of reinnervation po-
tentials. To avoid the discomfort of needle insertion,
in recent years EMG studies have been performed
using anal plugs, although the reproducibility of
such measurements is undetermined. Surface EMG
may be of benefit as part of biofeedback treatment in
patients with constipation and incontinence.
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Patients with incontinence have higher single-
fibre density than controls, which is thought to re-
flect a neurogenic aetiology. However, there is no
correlation between severity of symptoms and EMG
changes (BERsMA et al. 1992), and furthermore there
is no validation of EMG changes in relation to histo-
logical evidence of denervation. Overall, the advent
of anal endosonography has vastly improved the ac-
curacy of quantification of sphincter injury (SULTAN
et al. 1994), and EMG is now of little value.

Recently, a surface EMG probe with 16 circum-
ferential electrodes, recording motor units and their
propagation around the external anal sphincter, has
become available. The technique has been validated
against needle EMG and used in patients with post-
obstetric faecal incontinence, showing that there is
correlation between EMG asymmetry and symp-
toms (WIETEK et al. 2007).

4.8.3.3
Pudendal Nerve Latency Measurement

Kirr and SwasH (1984) described a method to
measure conduction in the pudendal nerve using
a stimulating and recording electrode that is worn
on a gloved finger (Fig. 4.8.2). A stimulus is applied
(at the finger tip) to the pudendal nerve, and the la-
tency until an external sphincter contraction occurs
(recorded at the finger base) is measured. The nor-
mal value for this pudendal nerve terminal motor
latency (PNTML) is 2+0.5 ms, increasing with age.

However, the measurement technique is highly per-
former-related, and the actual measure reflects only
conduction of the fastest fibres. Thus, a damaged
nerve with some conducting fibres will still produce
anormal PNTML; typically the fastest fibres are the
large ones, which are the last to be damaged.

There does not seem to be a correlation between
PNTML and either continence symptoms or anal
squeeze pressure (WEXNER et al. 1997; FYNEs et al.
1999). Additionally, the balance of evidence does not
support theidea that PNTML is predictive of surgical
outcome, and the test can nolonger be recommended
in the assessment of the incontinent patient.

Anal Sensation

Anal sensation is served by specialized sensory end-
ings in the anal mucosa and is important in main-
tenance of continence mechanisms (MILLER et al.
1987; SuN et al. 1990). Reproducible thresholds for
anal sensory perception can be obtained by pass-
ing a current between bipolar electrodes positioned
in the anal canal (RoGERs et al. 1989; KamM and
LENNARD-JONES 1990). The normal value for anal
electrosensation is 4.1+0.3 mA. The measure is an
accurate reflection of denervation injury and has a
role in predicting completeness of injury in spinal
patients (EMMANUEL et al. 2002).

Fig. 4.8.2. a The St Mark’s pudendal electrode for measuring pudendal nerve terminal motor latencies. The nerve is located
by the tip of the ischial tuberosity. b The PNTML, measured in milliseconds, is the delay from the application of the stimulus

to the onset of the external sphincter action potential
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Rectal Sensation

Rectal sensitivity can be measured by either balloon
distension or electrical stimulation. Balloon disten-
sion is performed by gradual inflation via a hand-
held syringe of a balloon seated in the rectal am-
pulla. The patient is asked to report three separate
feelings in succession: first (“threshold”) sensation,
feeling of urgency and finally maximal tolerable sen-
sation. It is held that these sensations correlate to
function of mucosal, muscular and serosal mecha-
noreceptors, respectively (LOENING-BAUCKE and
ANURAS 1984; CARUANA et al. 1991). The volumes
obtained for these sensations depend on the type of
balloon and the protocol for distension used, and to
minimize the variability that this generates between
different centres, it has been recommended that dis-
tension sensitivity is performed using a barostat.
A barostat allows preset mechanical distension of
an infinitely compliant balloon at fixed pressure,
compensating for differences in rectal wall tension.
Using a hand-held syringe and a party balloon, the
normal range for threshold volume is 20-70 ml, for
urge volume 35-120 ml and for maximum tolerated
volume 100-260 ml (N1cHOLLS et al. 2002). Height-
ened threshold volumes are found in patients with
faecal incontinence, and these have been shown to
normalize following successful biofeedback therapy
(MINER et al. 1990).

= J

Rectal electrical stimulation using a bipolar elec-
trode as described for anal electrosensation is a more
reproducible technique than balloon distension for
measuring rectal sensation. This has proved a valu-
able technique for detecting hindgut denervation in
patients with neurological disease (EMMANUEL et
al. 2002; CrRAGGS et al. 2006).

Colonic Transit

Radio-opaque marker studies provide a useful
measure of whole gut transit. A well-validated tech-
nique involves the ingestion of three geometrically
different marker sets of 20 markers each on days 1,
2 and 3 with a plain film of the abdomen on day 6
(i.e. 120 h after the first ingestion later) when the
remaining markers are counted. This in effect gives
three transit studies for the one film and avoids the
problem of clearing all the markers from a bowel
motion early in the study if just one marker set was
used (HINTON et al. 1969). The maximum number
of markers that may be retained is less than four for
the marker set given on day 1, less than six for the
day-2 markers and less than 12 for the day-3 mark-
ers (Evans et al. 1992), and may be used to define
slow colonic transit (Fig. 4.8.3). A modification of
this is to give 20 markers for 3 days and then take

Fig. 4.8.3. a Normal transit with only three rings remaining (20 cubes given on day 1, 20 rods on day 2, 20 rings on day 3).
b Slow colonic transit with 20 of each marker remaining. ¢ Slow colonic transit on one of the marker sets only with all the

cubes passed, 1 rod remaining, and 15 rings
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a film on day 4. The number and distribution of
markers may be used to calculate regional transit
(METCALF et al. 1987), although the significance
of the concept of regional transit is uncertain.
Scintigraphic assessment of colonic transit is the
most accurate, but also the most complex, with no
clear advantage over markers (VAN DER SIJP et al.
1993).

Conclusion

Anorectal physiological techniques are of value in
diagnosis and assessment of patients with incon-
tinence and constipation, but must be interpreted
in the context of a comprehensive clinical history
and appropriate imaging. Anal manometry is of
unequivocal value in defining the functional integ-
rity of the anal sphincter muscles and in excluding
Hirschsprung’s disease. It complements the informa-
tion obtained from endoanal ultrasound and helps
in decision making prior to, and following, surgi-
cal repair. Endoanal ultrasound remains superior
to anal vector manometry or electromyography in
defining traumatic sphincter injury. Pudendal nerve
latency measurement is not of value in assessing
patients with faecal incontinence. Anorectal sensory
testing is of value in identifying hindgut involve-
ment in patients with neurological disease.
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Introduction

The purpose of this chapter is to provide the radiolo-
gist interested in pelvic floor imaging with a surgi-
cal perspective of pelvic floor dysfunction. Although
individual surgeons may have different reasons for
requesting imaging studies, the basic question to be
answered remains the same: the preoperative iden-
tification of all surgically treatable prolapse and pel-
vic floor dysfunction. It is estimated that 11.1% of
women will undergo a single operation for pelvic
floor dysfunction in their lifetime. Nearly 30% of
these patients will require a second operation (OLSEN
et al. 1997). Projections over the next 30 years show
the at-risk population will increase by 22%, but the
demand for care will increase by 45%, reflecting
a higher number of visits for patients as they age
(LuBER 2001). Improving the care of these patients
has major implications for health-care systems.

To that end, preoperative identification of these
conditions is critical to appropriate intervention. In
the past, division of the pelvic floor into an anterior,
middle, and posterior compartment has led to frag-
mentation of care. The anterior compartment with
its urethra and bladder have been the realm of the
urologist, the middle compartment containing the
uterus and reproductive organs the domain of the
gynecologist, and the posterior compartment with
the small and large bowel belonged to the colorec-
tal surgeon. These artificial divisions of the pelvis
did not recognize the symbiotic relationship of these
“compartments.” Treatment of one compartment
influences the structure and function of the others.
Radiologic studies have helped clinicians recognize
the interdependence of these compartments and the
need to address them together in the treatment of
pelvic disorders.

Advances in imaging techniques have evolved
from studies involving single organs with their in-
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herentlimitations to more lengthy, but superior stud-
ies. Unfortunately, the best radiologic techniques for
evaluating these conditions are time consuming, as
they require individual filling and emptying of the
organs along with various dynamic maneuvers.
However, by combining the patient history, physi-
cal exam, and radiologic findings, the radiologist
and the clinician can complement each other in the
successful diagnosis and treatment of women with
pelvic floor disorders.

Anatomy of Support

Care of women with these disorders begins with an
understanding of the unique musculofascial system
that supports the pelvic organs. No single ligament
or muscle is responsible for supporting the pelvic
organs. Rather a unique musculofascial system is
in place that must work together for proper organ
support. The levator ani muscles (puborectalis,
pubococcygeus, iliococcygeus) provide an active
platform of support for the pelvic organs, while a
vast fascial connective tissue network suspends the
organs on this platform. Damage to the levator ani
muscles and pelvic nerves by childbirth, neurologic
disease or injury, disuse atrophy, or various other
conditions affecting neuromuscular integrity may
lead to widening of the levator hiatus. As the hiatus
widens, more stress is placed on the connective tis-
sue network that holds the vaginal vault and pelvic
organs in place. Eventually, this stress may lead to
tearing or stretching of the supportive connective
tissue. As the vaginal vault loses its support, the
surrounding organs will begin to prolapse through
the levator hiatus.

In place of true ligamentous support, the con-
nective tissue of the pelvis is made up of varying
degrees of collagen, elastin, smooth muscle, neural
tissue, and vascular channels (CAMPBELL 1950). The
cardinal (Mackenrodt) ligaments and uterosacral
ligaments form a continuous complex of support
for the upper vagina and uterus. These should not
be thought of as distinct, separate structures. The
cardinal ligaments fan out to blend laterally with
the parietal fascia of the pelvic sidewall muscles.
The uterosacral ligaments are the postero-medial
continuation of this complex, eventually joining the
presacral fascia close to the sacroiliac joint. The im-

portance of these structures for their role in support
has been demonstrated in elegant yet simple cadaver
studies (MENGERT 1936). Working with these upper
supports, a distinct fascial layer enveloping the va-
gina and serving as an independent support to the
bladder and rectum has been described. Anteriorly
this layer has been called the pubovesicocervical
fascia, while posteriorly the term rectovaginal sep-
tum (Denovillier’s fascia in the male) has been used.
On the anterior vaginal wall, the pubovesicocervical
fascia has been demonstrable grossly, but histologi-
cally has not been identified as a separate layer from
the vaginal muscularis (WEBBER and WALTERS
1997). This fact may be explained by the blending
of the uterosacral-cardinal connective tissue with
vaginal muscularis; this is not a sharp clean attach-
ment (UBLENHUTH and NoLLEY 1957). It is, there-
fore, important for both surgeons and radiologists
involved in pelvic floor dysfunction to acknowledge
that a distinct connective tissue layer separate from
the anterior vaginal wall muscularis does not exist.
A similar controversy existed concerning the pres-
ence of a connective tissue layer supporting the pos-
terior vaginal wall. In short, there is a rectovaginal
septum distinct from the posterior vaginal muscu-
laris. Problems in demonstrating the rectovaginal
septum as a separate structure arise from its fusion
with the caudal % to ¥ of the vagina and its relatively
short length (MiLLEY and NicHOLS 1968). In a study
of 44 women at laparoscopy, the mean length of the
rectovaginal septum was found to be 2.1 cm, while
the rectovaginal pouch extended 5.3 cm below the
posterior vaginal apex (KuHN and HoLLyock 1982).
The short length of the rectovaginal septum has been
confirmed histologically and grossly in cadaver stud-
ies (DELANCEY 1999). Therefore, the superior edge of
the rectovaginal septum fuses with the muscularis of
the posterior vaginal wall approximately 3 cm above
the perineal body. Laterally, the rectovaginal sep-
tum fuses with the fascia of the levator ani muscles
(LEFFLER et al. 2001). The perineal body is indirectly
suspended to the sacrum by a series of connective tis-
sue links involving the rectovaginal septum, the mid-
vaginal muscularis, and the uterosacral ligaments.
To summarize, three different levels of support
are recognized for the vagina (DELANCEY 1992)
(Fig. 5.1.1). The cardinal-uterosacral complex, which
blends with the vaginal muscularis, supports the up-
per vagina and uterus. The mid vagina, level II sup-
port, is provided by the attachment of the vaginal
muscularis to the arcus tendineus fascia pelvis and
an intact vaginal muscularis. Level III support is the
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Fig. 5.1.1. Three levels of vaginal connective tissue support:
level I=uterosacral-cardinal complex; level II=arcus tendineus
fascia pelvis; level III = perineal membrane and crura of levator

muscles

function of the rectovaginal septum and the peri-
neal membrane. At all levels, the levator ani muscles
have connective tissue extensions to aid with this
support network (ZAcCHARIN 1980). Not only do the
well-recognized “ligamentous” supports of the ure-
thra, vaginal vault, and lower uterine segment need
to be intact, but also it appears the musculofascial
tissue enveloping the vaginal epithelium must re-
main unbroken. As in all aspects of anatomy, varia-
tions do exist between patients, and this fact may
help explain some of the pathogenesis of prolapse.
Many surgeons correct breaks in the connective tis-
sue support system at the time of surgery. MRI may
have a role in identifying these connective tissue
breaks that will then aid in the surgical planning.
Understanding the anatomy and effectively com-
municating such imaging findings are paramount
to the radiologists’ interaction with the clinician.

Etiology of Prolapse

Pelvic organ prolapse (POP) has a multifactorial eti-
ology. Vaginal parity, neuropathy, obesity, excessive
Valsalva, connective tissue disorders, prior surgery,

Levator ani

estrogen status, and advancing age are the most of-
ten cited risk factors (SMITH et al. 1989; GILPIN et
al. 1989; NORTON et al. 1995; Davis 1996; SMITH et
al. 1990). Of these, vaginal parity and its associated
neuropathy appear to play the biggest role. A 4- to
11-fold increase in prolapse is seen among vaginally
parous women (MANT 1997).

Few epidemiological studies exist to follow the
direct cause and progression of prolapse. As noted
earlier, dysfunction of the levator ani muscle,
whether from childbirth, neuropathy, or other fac-
tors, leads to an increased area between the levator
ani muscles, i.e., the levator hiatus. Forces directed
at the pelvic floor, namely Valsalva type maneuvers,
further stress this situation by driving the organs
through this hiatus. The connective tissue network
begins to stretch and tear with resulting loss of sup-
port. Pelvic organ prolapse should not be thought
of as the problem; rather it is the result of the prob-
lem, namely levator ani dysfunction. Reconstructed
three-dimensional MRI comparison of the levator
ani muscles has shown a marked difference in leva-
tor volume, shape, and integrity among asymptom-
atic patients, those with genuine stress incontinence,
and those with prolapse, providing indirect evidence
that levator ani dysfunction is intimately involved in
the different clinical manifestations of pelvic floor
dysfunction (HoYTE et al. 2001). The classic radio-
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logic studies of the levator myography performed by
BErGLAS and RUBIN in 1953 have been duplicated
with contemporary MRI studies. Both of these show
a more vertical orientation of the levator plate in
prolapse patients and in the MRI exams, a larger le-
vator hiatus (BERGLAS et al. 1953; Hsu 2006). MRI
studies have also shown women with prolapse are
much more likely to have levator ani defects (56%)
than controls (16%) (DELANCEY 2007).

From a microscopic standpoint, studies have
documented evidence of neurologic damage in the
levator ani of patients with prolapse (GILPIN et al.
1989; HEIT et al. 1996). Therefore, instead of focus-
ing on a “dropped bladder” or “dropped bowel,”
physicians need to realize the role that the levator
ani plays in the genesis of pelvic organ prolapse. The
radiologist can help the clinician by differentiating
between a global problem involving the levator ani,
an isolated defect in the muscle, or a defect in which
there is a focal break in the connective tissue. If the
levator hiatus is pathologically enlarged as a result
of neuromuscular damage, fixing the connective tis-
sue break alone will not suffice. Without the support
of the levator ani, the same stresses will be placed on
the connective tissue, and prolapse will recur. Pa-
tients with a permanent, unrecoverable neuromus-
cular condition of the levator ani will often require
graft placement to replace the damaged connective
tissue. This graft material must be stronger than
the native tissue and hold up better to the demands
placed on the damaged pelvic floor. This global leva-
tor dysfunction may be diagnosed on MRI by levator
ani ballooning, an enlarged levator hiatal area, or
abnormal levator ani position and movement. This
added knowledge can have a major impact on the
surgical procedure chosen. Whether specific imag-
ing findings will lead to specific surgeries for a given
condition remains to be seen.

The Radiologist and the Clinician

A standardized pelvic organ prolapse grading sys-
tem accepted by both radiologists and surgeons is
the single most important factor slowing collabora-
tion between radiologists and surgeons in the area
of pelvic organ prolapse. The International Conti-
nence Society (ICS) has agreed on such a system for
clinicians (Bump et al. 1996). Adopted in 1996, the

Pelvic Organ Prolapse Quantification Exam (POPQ)
identifies nine points for measurement and prolapse
staging (Fig. 5.1.2). This allows a standardized exam
to be used for follow-up, for communication between
clinicians, and in scientific papers. The exam has
shown good inter- and intra-observer correlation
(HaLL et al. 1996). The hymeneal ring serves as the
reference point for most of these measurements, an
anatomic landmark not readily visible during ra-
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Fig. 5.1.2a,b. International Continence Society Pelvic Organ
Prolapse grading system (Bump et al. 1996). a Nine points
are measured in centimeters and recorded. The hymeneal
ring serves as the reference point for most measurements.
This diagram illustrates the measurements of the anterior
vaginal wall (Ag, Ba), cuff or cervix (C), posterior fornix (D),
posterior vaginal wall (Ap, Bp), total vaginal length (TVL),
genital hiatus (gh), and perineal body (pb). b A total utero-
vaginal vault eversion is juxtaposed with normal support.
Where indicated, positive numbers represent tissue outside
the hymeneal ring, while negative numbers represent tissue
above the hymen. Overall and individual site staging can
then be assigned based on these measurements
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diologic studies. Attempts to identify a radiologic
line that would allow direct comparisons with the
ICS staging system have been frustrating. Several
radiologic lines have been proposed, including the
pubococcygeal line, the midpubic (hymeneal) line,
the perineal line, the puborectal line, and the axial
line (CoMITER et al. 2001; LIENEMAN et al. 2004,
FAUCONNIER et al. 2007) (Fig. 5.1.3). Unfortunately,
despite good inter- and intra-observer reliability, no
line has agreed with the clinical measurements in a
meaningful way. In the most recent of these studies,
the authors concluded that whatever line is chosen,
the individual MRI measurements approximate very
badly with the measurements performed at clinical
examination. This fact poses the greatest challenge
to meaningful communication between different
disciplines.

Problems using the clinical ICS system involve
using the hymen as a reference point. It is a mobile
anatomic structure, particularly at the posterior for-
chette. The hymeneal line used radiologically tries
to duplicate the clinical landmark, but it too showed
pooragreement with the clinical exam (FAUCONNIER
et al. 2007). Detachment of the perineal body from
the rectovaginal septum cannot be appreciated by
the current POPQ exam, but may be identified by
MRI (Hsu 2006). Another problem is that the ICS
system does not report on the highest level of sup-

Fig. 5.1.3. Sagittal MRI showing the numerous lines pro-
posed for radiologically measuring pelvic organ prolapse.
Pubococcygeal line = I; midpubic (hymeneal) line = 2; peri-
neal line = 3; puborectal line = 4; axial line = 5. None have
shown agreement with the clinical ICS staging system

port in cases where a hysterectomy has been per-
formed. This information may influence the surgical
approach. From the radiologic side, failure to under-
stand the detailed anatomy of the pelvic floor hasled
to overstating prolapse. An example is the presence
of an enterocele. Many radiologists diagnose an en-
terocele if there is any descent of small bowel poste-
riorly below the level of the vagina apex. However,
the cul-de-sac depth in reported normal individu-
als may average over 5cm (KunN and HoLLYOCK
1982). The problem of over-diagnosing enteroceles
on radiologic studies becomes evident. Further
limitations are evident when one looks at the pau-
city of data regarding “normals.” With the physical
exam, ICS stage-1I prolapse is a common finding in
asymptomatic women. In one study, nearly 50% of
497 women seen for routine gynecologic care were
asymptomatic and had ICS stage-II prolapse (SWIFT
2000). Radiologically, very few studies on normals
have been performed, and most of these findings
were obtained during an investigation of patients
with prolapse. The overlap of normal subjects and
symptomatic patients is considerable. Figure 5.1.4
shows an asymptomatic 19-year-old subject that by
radiographic criteria has a moderate, contrast-re-
taining rectocele. Clearly, she does not require sur-
gery. However, the same conclusion may not have
been reached in a 60-year-old patient complaining
of an evacuation disorder with similar radiologic
findings. Rectoceles diagnosed radiologically may
have no clinical symptoms. The complex, multifac-
torial etiology of bowel function makes reliance on
one finding questionable. Nonetheless, a standard-
ized staging system acceptable to both surgeons and
radiologists is mandatory if further progress is to be
made. If agreement cannot be reached on what con-
stitutes prolapse and how it is measured, meaning-
ful communication cannot take place.

Historically, the gold standard for the presence or
absence of prolapse has not been established. In gen-
eral,radiographicstudieshave shownahigher degree
of prolapse when compared to physical exam. This
fact has been attributed to the complete relaxation
of the levator ani muscles achieved during defeca-
tion on imaging studies, a condition rarely achieved
during a physical exam. This relaxation allows for
maximum distension of the urogenital hiatus, which
in turn increases the extent of prolapse identified.
As seen in Table 5.1.1, multiple comparative studies
have shown that prolapse is more readily demon-
strated on an imaging study than on physical exam.
The discrepancy between the physical exam and im-
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Fig. 5.1.4a,b. Moderate-sized rectocele during evacuation in a 19-year-old asymptomatic control. Following evacuation,
contrast is retained in the same control. This demonstrates the difficulty in interpreting the clinical utility of these studies

as an isolated finding

Table 5.1.1. Comparison of physical exam with fluoroscopy in detection of pelvic organ prolapse

Rectocele Enterocele Cystocele

Found at  Found at PE Found at  Found at PE Found at  Found at PE

DCP (n) DCP (n) DCP (n)

% %

Hock 225 70 31 111 18 16 112 46 41
et al. 1993
ALTRINGER 46 24 52 33 16 48 44 32 73
et al. 1995
KELVIN 155 119 77 47 24 51 159 132 83
et al. 1999

aging studies may lead to a change in surgical plan-
ning. One study reported changing the initial surgi-
cal plan 41% of the time based on the results of the
imaging study, while a second earlier study showed
imaging changed the clinical diagnosis in 75% of
their subjects (KAUFMAN et al. 2001; ALTRINGER et
al. 1995). Competition for the limited space within
the urogenital hiatus is a major concern during both
physical exam and imaging studies of the pelvis.
The first organ to descend into the urogenital hia-
tus may prevent the descent of other organs. An un-
emptied cystocele may block descent of a rectocele
or enterocele and therefore prevent its identification.
Similarly, a large rectocele may prevent a cystocele
or enterocele from being recognized (Fig.5.1.5 ).
Quickly performed imaging studies that do not sys-
tematically fill and empty the organs will miss the

complete picture and add little to the physical exam.
A triphasic technique has been proposed and seems
to best address this issue. This systematic approach
requires individual filling and emptying of the pel-
vic organs along with various dynamic maneuvers
to help diagnose all organ prolapses (KELVIN et al.
2000). Although promising, sources of error includ-
ing intra-observer error and week-to-week variation
within a given subject have called triphasic MRI into
question and need to be addressed (MORRENA et al.
2005). In another example where imaging is helpful,
a patient may have an obvious posterior wall defect
by physical exam, which appears to be an enterocele.
Imaging may diagnose this posterior wall defect to
be a sigmoidocele. Sigmoidoceles are virtually never
diagnosed by physical exam and can be present in
up to 5% of patients with pelvic organ prolapse.
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Fig. 5.1.5a,b. An unemptied rectocele obscuring a large enterocele prior to complete rectal emptying. The same patient
following complete contrast evacuation of the rectocele. A large enterocele is seen to descend into the urogenital hiatus,
demonstrating competition for this limited space. Single-phase studies miss these coexisting prolapses, demonstrating the
need for mutiphasic studies

Although some surgeons downplay the distinction
between a sigmoidocele and enterocele and will
not change their surgical approach, other surgeons
will. These surgical changes may include a partial
colectomy if a large sigmoidocele is associated with
long-standing constipation (JoRGE et al. 1994). In
addition, detachment of the recto sigmoid from the
presacral hollow with resulting prolapse may repre-
sent a different condition than a simple sigmoidocele
alone. The former may need a rectopexy to reestab-
lish rectosigmoid support rather than only cul-de-
sac correction (Fig. 5.1.6). This represents a major
change in surgical approach, one that is only made
with the help of the radiologist. Some surgical ex-
perts argue that all prolapses can be identified at the
time of surgery, and little is gained by extraneous
preoperative radiologic studies. However, at the time
of surgery the patient is asleep, unable to Valsalva,
and usually in the dorsal lithotomy position. This is
far from the ideal condition in which to identify pro-
lapse and its extent.

For the clinician, different options exist when
choosing an imaging study. Initial imaging studies
of the pelvic floor were performed fluoroscopically.
These have evolved into dynamic MRI studies and,
in some research centers, reconstructed three-di-
mensional imaging. The individual study ordered
will depend on the experience of the radiologist
and the equipment available. The superior anatomic
detail afforded by MRI would appear to make this

the technique of choice. Other benefits of MRI are
multiplanar views, detailed information about the
levator ani muscle, patient comfort, and detection of
other pelvic pathology as compared to fluoroscopic
studies. Upright MRI allowing a more physiologic
evacuation is available in only a few centers.

Cost may also be an issue. In a study of 22 patients
having both MRI and fluoroscopy studies performed
for constipation disorders, MRI was found to be ten
times more expensive. In this small study there was
no change in clinical management based on the re-
sults of one study compared to the other (MATSUOKA
etal.2001). Pelvicfloorimagingisnotneeded in every
case of pelvic floor dysfunction. When the physical
examination and patient complaints correlate, little
may be gained by the imaging study. In complicated
patients where the physical exam and patient com-
plaints do not agree, an imaging study of the pelvic
floor can be of diagnostic value and change surgical
planning. As noted, the full extent of pelvic organ
prolapse can only be appreciated when the levator
ani completely relax. This relaxation only happens
at times of evacuation, a condition not achieved dur-
ingan office exam. As repeat surgeries are invariably
more difficult and expose the patient to greater risk,
care must be taken in planning the initial surgical
repair. Although anatomic correction does not al-
ways lead to functional correction, the goal of pelvic
surgery is to relieve patient symptoms and restore
anatomy and function whenever possible.
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Fig. 5.1.6. Detachment of recto-sigmoid from presacral hol-
low. A rectopexy is required to restore normal support in
addition to appropriate vaginal support

Surgical Approach

Details of each surgical procedure are beyond the
scope of this chapter. However, information con-
cerning basic understanding of the different surger-
ies available for prolapse should be helpful to radi-
ologists. Many factors should be considered before
selecting a route for reconstructive surgery. These
factors include vaginal sexual function, concept of
body image, a patient’s medical condition, and pos-
sible fertility desires. Current surgical approaches
include vaginal, abdominal, laparoscopic, or a com-
bination of these routes. Adding to the complexity
of deciding on which surgical approach to use is
the issue of whether mesh is needed to perform the
surgery or if native tissue should be used in these
repairs. In general, biografts (allografts and xeno-
grafts) have shown inferior results when compared
to synthetic grafts, but studies are limited. The ex-
perts who have published case series report a wide
range of success rates with these varying techniques.
Of course, the success rates of such expert surgeons
may not apply universally. Three prospective studies
have been published that randomized patients to ei-
ther vaginal or abdominal routes for prolapse repair.
Two found superior anatomic results with the sacral
colpopexy (BENSON et al. 1996; Lo and WaNG 1998).
The third found no statistical difference between the
vaginal and abdominal procedures, although 17% of

the vaginal group compared to 4% of the abdomi-
nal group had prolapse to the introitus (MAHER et
al. 2004). A retrospective series found lower recur-
rent prolapse rates with abdominal sacral colpopexy
(19%) compared to sacrospinous fixation (33%) (Szg
et al. 1999). The Cochrane Database Review con-
cluded, “Abdominal sacrocolpopexy is associated
with alower rate of recurrent vault prolapse and dys-
pareunia than the vaginal sacrospinous colpopexy.
These benefits must be balanced against a longer
operating time, longer time to return to activities
of daily living and increased cost of the abdominal
approach” (MAHER et al. 2007).

At the present time the debate focus has shifted
somewhat from “abdominal vs. vaginal” to “mesh
vs. no mesh.” Often, the connective tissue supports
are so damaged that attempting to repair them alone
makes little sense. If the levator ani is a healthy, ro-
bust muscle capable of supporting the vagina and
pelvic organs, surgical correction of breaks in the
connective tissue may be appropriate. If the levator
muscle cannot be rehabilitated by physical therapy,
surgical support limited to the connective tissues
may lead to the historically documented high re-
currence rates. The desire to combine the success of
the sacral colpopexy (mesh) with the benefits of a
less invasive, vaginally approached surgery has led
to proliferation of new prolapse repair “kits” using
synthetic mesh. Widespread use of these kits before
clinical trials have been conducted is of concern.
Mesh can have significant complications, including
but not limited to vaginal mesh exposure, erosion
into surrounding organs, contracture, and pain.
Many of these complications appear to be higher
when vaginal incisions are used to place the mesh.
Studies are ongoing to help make decisions about
these new approaches, but at present few data exist.
As the number of complications from mesh surgery
rises, radiologists will be asked to assist in imaging
these materials to better localize them prior to sur-
gical removal.

In addition, there is also evidence that anterior
vaginal wall dissection may lead to nerve damage
involving the urethra and possibly also the blad-
der (BORIRAKCHANYAVAT et al. 1997; BENsoN and
MCcCLELLAN 1993; Zivkovic et al. 1996; BALL et al.
1997). Experts believe that the most frequent of-
fender is the anterior colporrhaphy, a procedure first
described over 100 years ago that has changed little
since that time (DE LAMBALLE 1840). The exact rela-
tionship between this nerve damage and the clinical
significance is debated.
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Lastly, a laparoscopic or robotic approach may be
useful in some patients (Su et al. 2007). Long-term
efficacy studies of such approaches are lacking. If
they are chosen, laparoscopic procedures should
be performed as described for open cases. At the
present time, relatively few surgeons have the skills
required to attempt these repairs with the laparo-
scope. As further studies are carried out, answers to
more of the “approach” questions will be found.

The following will discuss the different opera-
tions used for pelvic organ prolapse. Although di-
vided into anterior, apical, and posterior wall pro-
cedures, the impact of one operation on another
compartment cannot be emphasized enough. Just as
important is the realization that rarely does one “de-
fect” exist by itself. Our radiology colleagues who in
one study showed 95% of prolapse patients had de-
fects in all three compartments have demonstrated
this (MAGLINTE et al. 1999).

The Anterior Vaginal Wall

A site-specific examination of the anterior vaginal
wall focuses on the urethrovesical junction (UV]),
integrity of the lateral vaginal sulci, central vagi-
nal wall defects, and lastly apical transverse defects
(RicHARDsON 1989) (Fig. 5.1.7). Patients with pro-
lapse may also have co-existing or occult inconti-
nence. A large prolapse may mask urinary inconti-
nence by kinking of the urethra. In these cases, it has
been suggested that the patients have the prolapse
reduced and then have testing to uncover this occult
incontinence. Preoperatively, occult incontinence is
found with reduction testing in between 36-80% of
patients with large prolapses (BumPp et al. 1988). The

Fig.5.1.7. Most common sites of ante-
rior vaginal wall defects in the vagi-
nal muscularis and connective tissue
leading to cystocele: paravaginal, api-
cal, central, and transverse

* Bladder %

importance of this was seen in a multicenter study
of patients reporting no incontinence scheduled
to undergo abdominal sacral colpopexy. Although
not recognized as a repair for the anterior wall, the
sacral colpopexy affects the anterior wall. Patients
were randomized to receive a Burch (incontinence
procedure) or no Burch in addition to their sacral
colpopexy. The study was terminated at an interim
analysis due to the high rate of symptoms of in-
continence in the no-Burch group (44.1%) vs. the
Burch group (23.8%) (BRUBAKER et al. 2006). The
study concluded that in patients reporting no pre-
operative stress incontinence scheduled to undergo
an abdominal sacral colpopexy, a Burch procedure
significantly reduced the postoperative symptoms
of stress incontinence. Whether the same conclu-
sion can be reached for all prolapse surgeries is not
known. In support procedures other than sacral
colpopexy, selective support to the UV] is encour-
aged in one form or another. This discussion needs
to take place between the surgeon and the patient
prior to surgery.

Historically, several terms have been used to de-
scribe cystoceles. Traction and displacement cysto-
celes are synonymous with paravaginal cystoceles,
while pulsion or distension cystoceles are equivalent
to central cystoceles (P1LLAI and BENSON 1996). In
a central cystocele, the apparent loss of contact be-
tween the vaginal epithelium and the muscularis
leads to a smooth cystocele with no rugae. The blad-
der can be visualized herniating through the de-
fect, separating the epithelium from the muscularis
(Fig. 5.1.8). This contrasts a paravaginal cystocele
where the central vaginal epithelium remains at-
tached to the muscularis and rugae are maintained,
but the lateral vaginal wall attachments to the arcus
tendineus fascia pelvis are disrupted. This disrup-
tion almost always starts cephalad at the ischial
spines and progresses distally (DELANCEY 2002).

Site of midline defects
Site of paravaginal defects

Site of transverse defects
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== Area of defect in
musculofascial tissue

B Intact musculofascial
tissue attached to
vaginal epithelium |

Experts are realizing that anterior wall support is
strongly linked to apical support and that the apex
should be addressed in the majority of anterior wall
repairs (ROONEY et al. 2006; SUMMERS et al. 2006).
Identification of the musculofascial defects is essen-
tial to choosing the correct surgical approach. Use
of the posterior blade of a speculum to isolate the
anterior vaginal wall allows for these defects to be
identified. The term urethrocele is used to denote
loss of support of the distal anterior vaginal wall. It
was previously thought that the support of the ure-
thra was through a distinct structure called the pu-
bourethral ligaments, making the distinction of an
urethrocele more relevant. However, this support is
in fact the termination of the arcus tendineus leva-
tor ani and the insertion of the puborectalis muscle.
Therefore, the differentiation of an urethrocele and
cystocele is merely the level where the support of the
anterior vaginal wall is lost. The role of MRI in de-
tecting these defects is evolving. To date, no prospec-
tive randomized studies exist comparing abdominal
vs. vaginal surgical techniques for cystocele repair.

5.1.6.1
Paravaginal Cystocele Repair

The abdominal paravaginal cystocele repair is one of
the most popular and anatomically correct ways to
repair an anterior wall prolapse (Fig. 5.1.9). Paravag-
inal cystoceles are reported to be the most commonly
encountered (WHITE 1909; RICHARDSON et al. 1976).
Two series [n=149, follow-up 6-48 months (SHULL

£ iy

f _,gn—Rectum

Fig. 5.1.8. Central cystocele: note the
herniation of bladder through the
muscularis separating the epithelium
from the muscularis. No rugae will be
seen on physical exam

Vaginal
vault

and BADEN 1989) and n=213, follow up 2-8 years
(R1IcHARDSON et al. 1981)] found 95% success rates
for abdominal paravaginal repairs. Success was de-
fined with respect to anterior wall support only. This
has to be kept in mind as the latest data emphasize
apical support in anterior wall prolapse (ROONEY et
al. 2006). A vaginal approach to repair paravaginal
cystoceles has been described in several case series.
One series of 56 women (follow-up ranging from 0.1-
5.6 years, mean 1.6 years) showed 15 women (27%)
had recurrent bladder support defects after surgery
with 47% being either to or through the hymen.
No defects were worse postoperatively (SHULL et al.
1994). In another series of 100 women followed for a
mean of 10.6 months, 22 had recurrent midline cys-
toceles, while 22 patients had persistent paravaginal
cystoceles (YoUuNG et al. 2001).

5.1.6.2
Graft Placement

Experts may use an alternative to this procedureina
patient with multiple anterior wall defects. A repair
using synthetic mesh, an allograft, or a xenograft
may be chosen. A prospective, randomized trial of
synthetic mesh versus anterior colporrhaphy for
cystocele repair concluded that superior anatomic
outcome was provided by use of a synthetic, mono-
filament mesh. This study illustrates the positives
and negatives of using mesh in prolapse repairs.
Recurrent prolapse at 12 months was found in 38.5%
of the no-mesh group vs. 6.5% of the mesh group.
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Fig. 5.1.9. Paravaginal cystocele
repair: encircling the paravaginal
veins with vaginal wall placement
to the arcus tendineus fascia pelvis

Obterator
internus

Bladder

However, stress incontinence was reported in only
10% of the no-mesh group compared to 23% of the
mesh group (HILTUNEN et al. 2007). The fact that
structure does not equal function must be commu-
nicated with the patient prior to surgery. In gen-
eral, grafts may be placed using suture fixation or
placed in a tension-free manner. Using suture fixa-
tion, the graft is usually cut into a trapezoidal shape
and strung like a hammock between the two arcus
tendinei (Fig. 5.1.10). The superior edge of the graft
is anchored to the apex of the vagina. The vaginal
epithelium is then sutured to the graft, repairing
the anterior vaginal wall defects (WORD et al. 1992).
As an alternative, tension-free graft placement can
be used. Here, the body of the graft is attached to
several long mesh arms that are placed though the
obturator foramen lateral to the levator ani travers-
ing through the ischiorectal fossa. The arms pen-
etrate the levator ani proximally near the ischial
spine and then distally by the ischiopubic ramus to
enter the space of Retzius. The intent is to have the
mesh lie against the arcus tendineus bilaterally held
in place by the mesh arms and create a hammock
for the bladder (Fig. 5.1.11). Outcome analyses for
these techniques are limited and at this time are
only case series.

Levator ani Arcus tendinous
muscle fascia pelvis (ATFP)
group

Arcus tendinous
levator ani (ATLA)

Obturator
n.&v.

Paravaginal
\  veins

5.1.6.3
Anterior Colporrhaphy

An anterior colporrhaphy is indicated for repair
of central defects. The basic technique typically
involves a midline vaginal incision with dissec-
tion laterally until adequate vaginal muscularis is
identified. This muscularis is then plicated in the
midline with one or several layers elevating the
prolapsed bladder. A study randomized patients
with anterior wall prolapse to one of three anterior
colporrhaphytechniques: standard anterior colpor-
rhaphy, standard repair plus polyglactin 910 mesh,
or ultralateral anterior colporrhaphy. With a me-
dian follow-up of 23 months, there was no signifi-
cant difference noted among techniques. Satisfac-
tory or optimal results were obtained in 30% of
anterior colporrhaphy patients, 42% of those with
the added absorbable mesh, and 46% of the ultra-
lateral patients (WEBER et al. 2001). These numbers
attest to the problem of using the patient’s own tis-
sue as the foundation of prolapse repair. The risk
of damage to the urinary continence mechanism
from nerve damage with anterior wall dissection
should be considered before choosing this route of
surgical correction.




176

D.S. Hale

Ischial
spine

-

Fig. 5.1.10. Vaginal paravaginal repair using a graft to correct
co-existing central and paravaginal defects. The superior edge
of the fascia is sutured to the cuff and uterosacral ligaments.
Bilaterally, the graft is anchored to the arcus tendineus

Surgery of the Vaginal Apex

Uterine preservation is an option for some women
who desire future fertility or have other reasons for
avoiding hysterectomy, but for most women with
uterovaginal prolapse, hysterectomy is added to re-
constructive efforts. With lesser degrees of apical
prolapse (ICS stage 0-II), the uterosacral-cardinal
ligament complex can be used to provide vault sup-
port through either an abdominal or vaginal ap-
proach. Often these ligaments will need shortening
prior to being used, and ureteral location is essential
before proceeding (BADEN and WALKER 1992a,b).
After identification of these ligaments and possible
shortening, the uterosacral complex is reattached to
the musculofascial tissue of the anterior and poste-
rior vaginal walls, and a culdoplasty is performed as
needed. Consideration of these techniques should be
given when performing any hysterectomy. For more
severe apical prolapse, three surgical options exist:
abdominal reconstruction, vaginal reconstruction,
or obliterative surgery.

Fig. 5.1.11. Tension-free anterior wall graft with arms travel-
ing through the obturator foramen penetrating the levator
ani proximally by the ischial spine and distally by the inser-
tion of the puborectalis. (°(ETHICON, Inc.; reproduced with
permission)

5.1.71
Abdominal Sacral Colpopexy or
Colpoperineopexy

Abdominal sacral colpopexy is considered the gold
standard operation for apical support (MAHER et
al. 2007; NYGARD et al. 2004). The first techniques
of sacral colpopexy described supporting the vagi-
nal apex with a graft, either a synthetic mesh or
autologous fascia (TiMMONs et al. 1992). Evolu-
tion of this technique has extended the support to
the perineal body and deep into the vesicovaginal
space (CUNDIFF et al. 1997; FISCHER et al. 1997).
This approach involves reinforcing the anterior and
posterior vaginal wall with an allograft, xenograft,
or synthetic mesh. The disadvantages of synthetic
meshes include the potential of erosion or exposure
in 3.4% of cases or an unnatural feel to the vaginal
wall (NYGAARD et al. 2004). The advantages of syn-
thetic meshes are their strength, longevity, and in
some the propensity to incite scar tissue formation,
which may aid in pelvic support. Autologous fascia
is an option, but is often impractical because such
a large piece must be harvested. One series of ten
patients had a 90% success rate (mean follow-up
26 months) with autologous fascia (MALONEY et al.
1990). Allografts are generally not recommended
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due to a higher failure rate when compared to syn-
thetic material (CULLIGAN et al. 2005). Xenografts
have been added to the pool of graft materials, but
long-term studies are lacking.

The technique of abdominal sacral colpoperineo-
pexy involves placement of a graft along the anterior
and posterior vaginal walls. Posteriorly, the graft is
extended along the entire length of the vagina wall to
attach distally at the perineal body. At its caudal mar-
gin and laterally along the mid vagina, the posterior
graft is attached to the fascia overlying the levator
ani muscles just inferior to the ischial spine. This ini-
tial graft attachment uses a vaginal or laparoscopic
approach. The remaining procedure is performed
abdominally or laparoscopically. Over the proximal
two thirds of the posterior wall, the graft is attached
directly to the vaginal muscularis by spreading the
graft as widely as possible. A stent placed vaginally
aids in graft placement and also in dissection. Ante-
riorly, a second graft leaf is placed after dissecting
into the vesicovaginal space. This also is spread as
widely as possible on the anterior vaginal wall and
sutured in place. By enveloping the vaginal vaultin a
graft, the integrity of the connective tissue network
can be restored. Appropriate tension is applied, and
the apices of the grafts are attached to the anterior
longitudinal ligament of the spine over the S2-S3
levels (Fig. 5.1.12). The grafts are usually placed ret-
roperitoneally to minimize bowel adhesions. Sym-
metrical placement of the graft over the vaginal wall

Fig. 5.1.12. Abdominal sacral colpo-
perineopexy, sagittal view. Anterior
and posterior vaginal wall graft place-
ment using a vaginal stent as a guide

is important to allow for equal distribution of forces.
If a rectocele is not present, the approach may be
completely abdominal or laparoscopic (Fig. 5.1.13).
This requires that there is good support of the rec-
tovaginal septum to the perineal body and that the
upper edge of the rectovaginal septum is located
high enough to be reached abdominally through the
rectovaginal space. Often the perineal body is ex-
cessively mobile and, therefore, support should be
extended to this level. Complications unique to this
procedure include presacral hemorrhage and rare
cases of osteomyelitis over the sacral site of graft at-
tachment (SuTTON et al. 1981; WEIDNER et al. 1997).

5.1.7.2
Sacrospinous Vault Suspension

Over the last 25 years the most common procedure
performed for vaginal vault prolapse has been the
vaginal sacrospinous vault suspension. Introduced
into this country in 1971 (RANDALL and NICHOLS
1971), several clinical series have cited its success in
providing apical support. Modified techniques uti-
lizing iliococcygeus fascia, pubococcygeus fascia, or
multiple points of vaginal fixation over the levator
plate have been described. In a review of transvaginal
repairs of vault prolapse, 1,062 patients pooled from
18 studies undergoing sacrospinous vault suspension
and 322 patients (4 studies) treated with endopelvic
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Fig. 5.1.13a,b. View looking at posterior wall graft extending down posterior vaginal wall into rectovaginal space using an
open abdominal approach. View looking at posterior wall graft attached to perineal body extending into the rectovaginal
space using a laparoscopic approach. The graft will be further attached along the whole posterior vaginal wall

vault suspension were available for follow-up. Recur-
rent prolapse occurred in 18% of the sacrospinous
patients and 11% of the endopelvic fascial patients
(Sze and KARRAM 1997). During this procedure, the
right sacrospinous ligament and overlying coccygeus
muscle are reached after vaginal dissection. Most
often, two permanent sutures are placed 4 cm medial
to the ischial spine into the sacrospinous ligament-
coccygeus complex. Critical surrounding structures
include the pudendal neurovascular bundle, infe-
rior gluteal neurovascular bundle, and superiorly
located lumbosacral plexus. The support sutures
are then placed into the apical vaginal muscularis.
This technique does deviate the vaginal axis to the
right. Occasionally, a bilateral sacrospinous suspen-
sion is performed; however, there are no data to sup-
port one technique over the other. Variations of this
procedure involve slightly different sites of suture
placement as well as using several points of vaginal
fixation (PETERS and CHRISTENSON 1995).

5.1.7.3
Uterosacral Ligament Vault Suspension

Recently, a more extensive use of the uterosacral
ligaments has been described for apical vault sup-
port through a vaginal approach. By placing several
sutures in the uterosacral ligaments and then plac-
ing them successively through both the anterior and
posterior vaginal walls, multiple points of fixation
are used for vaginal vault support. Several case se-
ries have reported a success rate of nearly 90% using
this more extensive vaginal repair in the short term
(SuuLLetal.2000; KARRAM et al. 2001; BARBER et al.

2000). One case series reports an 84.7% success rate
with 5 years of follow-up (SiLva et al. 2006).

5.1.7.4
Obliterative Surgery

Utero-vaginal prolapse can be effectively treated with
obliterative surgery. A LeFort colpocleisis, which does
not remove the uterus, may be performed, although
indications for this are becoming rare (THOMPSON
1992). It is usually reserved for a debilitated patient
with minimal risk for endometrial cancer. An al-
ternative approach combines total vaginal hysterec-
tomy, if a uterus is present, with total colpocleisis.
Excellent anatomic outcomes (97%) are reported
in two series (n=92, median follow-up 12 months,
VONPECHMAN et al. 2003 and n =33, average follow-
up 35 months, DELANCEY and MORLEY 1997).
Following vaginal hysterectomy if a uterus is pres-
ent, the vaginal epithelium is removed close to the
level of the hymen. The apex of the prolapsing mass
is identified, and successive purse string sutures are
placed around the leading edge of the prolapse. As
these sutures are tied, the enclosed tissue is reduced.
The levator ani muscles are palpated and then ap-
proximated using a 0 or no. 1 permanent or delayed
absorbable suture. Some support should be given to
the UV], whether in the form of a Kelly plication, nee-
dle procedure, or pubovaginal sling to compensate for
the downward traction that will be placed on the UV]
with the levator plication. The vaginal epithelium is
then closed with a running suture, leaving a short-
ened vault, being at most 3 cm in length. A perineor-
rhaphy is performed to complete the procedure.
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5.1.7.5
Uterine Preservation Procedures

Both vaginal and abdominal procedures exist to
preserve the uterus in patients with symptomatic
uterovaginal prolapse. These procedures are chosen
for women who cannot tolerate the prolapse or pes-
sary use and desire uterine preservation. In general,
patients should be counseled to complete childbear-
ing before reconstructive surgery is performed. If
this is not acceptable, data from several small series
exist. Pregnancy rates for potentially fertile patients
ranged from 25%-67% (n=168) in abdominally per-
formed surgeries to 24%-67% (n=68) in vaginally
performed surgeries. Term deliveries were 9%-50%
and 5%-67%,respectively (JULIAN 1993; CHAUDHURI
1979; NASSAR 1967; DURFEE 1966; DASTUR et al.
1967; Kovac and CRUIKSHANK 1993).

A wide range of operative techniques has been
described. These include the use of graft material,
uterosacral ligament fixation to the sacrospinous
ligament, uterosacral ligament plication, the Man-
chester procedure, and round ligament suspension
of the uterus (N1cHOLS 1991; SHAW 1933; THOMAS et
al. 1995; GiLL1aMm 1900). The lack of long-term stud-
ies makes makes it difficult to council patients on
the long-term durability of these operations.

The Posterior Vaginal Wall

Defects of the posterior vaginal vault involve rec-
tocele, enterocele, and sigmoidocele. Correction of
the bulging may be attainable, but often the pa-
tient’s symptoms are not relieved and in fact may be
worsened (KAHN and STANTON 1997). Techniques of
rectocele repair include traditional posterior colpor-
rhaphy, defect repair, fascial replacement, rectal wall
imbrication, and transanal repair.

5.1.8.1
Rectocele

Controversies remain regarding the symptoms and
diagnosis of rectoceles. Symptoms linked to, but not
diagnostic of rectocele, include incomplete rectal
emptying, manual assisted defecation, rectal pres-
sure, bleeding, pain, and constipation. Fluoroscopic

and MRI studies have had their greatest impact in
the diagnosis of posterior wall defects. There are no
clear criteria that predict successful rectocele repair.
Unfortunately, anatomic repair does not always lead
to functional correction.

5.1.8.1.1
Posterior Colporrhaphy

The posterior colporrhaphy has its roots in the
repair of perineal lacerations, dating back to the
16th century. The modern posterior colporrhaphy
is linked to SimoN in 1867 who coined the term
still used today. Many modifications to this pro-
cedure have been made, but the basic procedure
remains unchanged. The traditional posterior
colporrhaphy plicates the musculofascial tissue
(rectovaginal septum and vaginal muscularis) in
the midline.

The posterior vaginal epithelium is opened in
the midline and dissected laterally and superiorly.
The thickened musculofascial tissue is plicated in
the midline. Epithelial trimming is done only to
remove redundant epithelium. Some experts rec-
ommend plication of the levator muscles between
the vagina and rectum, while other experts avoid
this as it can result in significant dyspareunia.
Studies have reported the inability to have inter-
course or severe dyspareunia in 30% of patients
undergoing posterior repair (JEFFCOATE 1959). In
one study evaluating both subjective and objective
outcomes, representative results for traditional
rectocele repair were seen (MELLGREN et al. 1995).
Patients (n=25) were evaluated with preoperative
and postoperative questionnaires, physical exam,
and defecography. Preoperatively, 96% suffered
from constipation, while 48% used digital support
for evacuation. All patients showed a rectocele by
defecography, while 88% had a rectocele by physi-
cal exam. Surgical repair consisted of a posterior
colporrhaphy with levator plication. Mean follow-
up was 1 year. Constipation was eliminated in 52%
of patients; an occasional complaint persisted in
32% and was frequent in 16%. No patients required
digital maneuvers to aid in defecation following
surgical correction. Defecography found that rec-
toceles were eliminated in 79% of patients. Physi-
cal exam detected rectoceles in only 4% of patients
postoperatively. Nineteen percent of patients suf-
fered from dyspareunia following repair. Subjec-
tive and objective improvement was achieved in
approximately 80% of patients.
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5.1.8.1.2
Defect Directed Repair of Rectocele

An alternative technique can be performed if a
clear break in the rectovaginal septum is identi-
fied (RICHARDSON 1993). The defect repair is ap-
proached as in a traditional repair with a posterior
midline incision just beneath the vaginal epithelium
and continued with lateral dissection. With a finger
placed rectally, the operator palpates the borders of
the defect that is repaired using deep bites into the
musculofascial tissue and rectovaginal septum with
a long-lasting absorbable suture. Several case series
report a range of anatomic cure from 82-100%, but
persistent symptoms in many patients (PORTER et
al. 1999; GLAVKIND and MADSEN 2000). Because of
the anatomy of the rectovaginal septum, this repair
only extends 3-4 cm along the posterior vaginal wall
and is unable to treat higher rectoceles if used as an
isolated procedure.

5.1.8.1.3
Graft Replacement

Replacement of fascia along the posterior wall has
been described as part of the sacral colpoperineo-
pexy. In the event that an isolated rectocele exists
with poor musculofascial tissue, a graft may be at-
tached to the perineal body, anchored to the leva-

Fig. 5.1.14. Repair of rectocele using a poste-
rior vaginal wall allograft or xenograft. Supe-
riorly the graft is attached to the uterosacral
ligament, laterally to the fascia of levator ani
muscles, and inferiorly to the perineal body

tor ani muscles bilaterally and lastly placed to the
uterosacral ligaments superiorly. Typically a graft
4x 12 cm will be more than adequate. Each patient’s
graft is individualized based on their anatomy. Care
is taken to not bridge the graft too tightly across
the rectum (Fig. 5.1.14). Case series have reported
success with both synthetic and biologic grafts for
rectocele repair (KoHLI and MikLos 2003; GoH and
DwyYER 2001).

Only one prospective randomized study exists
that compares the three major techniques for recto-
cele repair (PARAISO et al. 2006). In this study, 106
patients were randomized to traditional posterior
colporrhaphy, defect repair, or defect repair with
biograft overlay (FortaGen, Organogenesis, Inc.,
Canton, MA). At 1-year follow-up, anatomic failure
defined as ICS stage II or greater was found in 14%
of posterior colporrhaphy patients, 22% of defect re-
pair patients, and 46% of defect repairs augmented
with the biograft patients. In addition, postopera-
tive worsening of colorectal or prolapse symptoms
using QOL measures were found in 16% of posterior
colporrhaphy patients, 12% of defect repair patients,
and 21% of defect repair augmented with the bio-
graft. This study questions the use of biologic grafts
for rectocele repair, and although the majority of
patients showed improvement in symptoms, a sig-
nificant percentage actually had worsening of their
symptoms.

Cuff and uterosacral
ligaments

lliococcygeus muscle
Puborectalis muscle

Pubococeygeus muscle

Perineal body
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5.1.8.1.4
Imbrication

Rectal wall imbrication can be approached either
transvaginally or transrectally. In the transvaginal
approach a midline posterior vaginal wall incision ex-
tending into the rectovaginal space is used (BENSON
1992). Running interlocking sutures are placed in the
rectal muscularis for the length of the rectocele. This
results in the imbrication of the rectal wall narrowing
the lumen. There are no published outcome studies
of this technique with long-term follow-up. With the
transrectal approach, the running interlocking suture
is placed through the mucosa and submucosa. The in-
corporated tissue will undergo necrosis purportedly
narrowing the rectal lumen and strengthening the
muscularis layer. Outcome studies are also needed
with the transrectal imbricating approach.

5.1.8.1.5
Transanal Repair

Thetransanalrectocelerepairhasbeen onlyrarelyre-
ported in the gynecologic literature, although its use
by colorectal surgeons is well documented (SuLLIVAN
et al. 1968; SEHAPAYAK 1985; KHUBCHANDANTI et al.
1997; KARLBOM et al. 1996; JANSSEN and VAN DIJKE
1994). Rectal dilators are used to gain access to the
rectum; long slightly curved clamps are placed along
the rectal mucosa and redundant mucosa is pulled
into the clamp. This mucosal excision is performed
in one to three areas depending on the degree of
redundancy. The musculofascial tissue and rectal
muscularis are then reinforced with horizontal su-
turing. Several series of transanal repair with mi-
nor variations have been published with subjective
improvement/cure rates ranging from 82% to 98%
(SEHAPAYAK 1985; KHUBCHANDANI et al. 1997).
Transanal rectocele repair resulted in a postopera-
tive fluoroscopic decrease in rectocele size, decrease
in rectal area at rest, and increased rectal evacuation
in 25 of 31 (81%) patients (KARLBOM et al. 1996). In
this study, alarge rectal area at rest and use of enemas
or bowel stimulants preoperatively was related to
poor outcome. A second study using postoperative
fluoroscopy also evaluated manometric measure-
ments (JANSSEN and VAN DIKE 1994). Rectocele
was eliminated objectively in 62%, while reduced in
the remaining 38% (n=39). Subjectively at 1 year,
an 87% improvement or cure rate was noted (n=76).
No predictive defecographic parameters were iden-
tified. However, manometrically, a large first urge

to defecate volume was a predictor of good clini-
cal outcome. Lastly, the STARR procedure (stapled
trans-anal rectal resection) has been reported with
good anatomic and functional results (BoccASANTA
et al. 2004). This procedure requires further study
before sound conclusions can be made.

However, with all these transanal repairs, it makes
inherent sense that some rectoceles will not respond
to vaginal wall operations alone as the rectal side of
the rectocele may be intimately involved (MARKS
1967). Some difference between the transvaginal ap-
proach used by gynecologists and the transanal ap-
proach used by colorectal surgeons may stem from
different use of the term rectocele. In the gyneco-
logic literature, it is associated with descent of the
posterior vaginal wall through the introitus, while
in the colorectal literature, it often denotes prolapse
of the anal mucosa through the anus.

5.1.8.2
Enterocele

The cul-de-sac depth may have little bearing on the
finding of an enterocele (ZACCHARIN 1977). Expert
opinion suggesting a defect in the musculofascial
layer of the posterior vaginal wall as being responsible
for an enterocele has been challenged (TULIKANGAS
et al. 2001). Although still debated, an enterocele is
most likely the result of herniation of the small bowel
through the posterior levator hiatus. In any repair to
correct enterocele, the upper vaginal axis needs to be
restored over the levator plate as part of the repair.
The vaginal axis can be restored using an appropri-
ate apical support technique. An alternative approach,
thought seldom used today, involves suturing the pos-
terior vaginal vault to the levator plate. Using this tech-
nique, the urogenital hiatus is shortened by a levator
plication posterior to the rectum followed by vaginal
fixation to the levator plate (ZAcCHARIN 1985). No
outcome measures are available for this technique.
More traditionally a Halban, Moschcowitz, or Mc-
Call type culdoplasty may be performed. The Halban
or Moschcowitzapproachrequires sutures to be placed
through only the peritoneal or serosal surfaces. Using
the Halban technique, successive vertical sutures are
placed down the serosal surface of the sigmoid colon,
across the cul-de-sac, and along the posterior vaginal
wall (NIcHOLS et al. 1996). The sutures are placed 1 cm
apart and no further lateral than 1 cm medial to the
ureters. This prevents small bowel herniation between
the sutures and avoids ureteral kinking. A Moschcow-
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itz culdoplasty uses successive pursestring sutures to
occlude the cul-de-sac (MoscHcowITZ 1912). Ureters
are identified so as not to be pulled medially when the
sutures are tied. These procedures do not rely upon
the strength of this tissue, but rather provide appo-
sition of peritoneal surfaces for scarification. With a
vaginal approach, a McCall type culdoplasty can be
used (McCaLL 1957). This approach requires identifi-
cation of the uterosacral ligaments that are shortened
and reattached to the vaginal apex.

Certain patients with apparent enteroceles may
have sigmoidoceles. Of the patients undergoing de-
fecography for pelvic floor defects, 4% (n=234) were
found to have sigmoidoceles. None were diagnosed
by physical exam (FENNER 1996). Rarely, sigmoid re-
section may be indicated (JORGE et al. 1994).

Many patients with POP will have an enlarged
vaginal introitus and reduced perineal body. Al-
though experts agree that this procedure is fre-
quently needed for a comprehensive reconstruction,
the specific indications for the procedure remain
vague. With significant perineal body decent, sacral
fixation using the abdominal sacral colpoperineo-
pexy is considered.

5.1.8.3
Prolapse Repair “Kits”

Several commercially available kits are available
for prolapse repair. As discussed under the anterior
wall, these kits usually involve long arms that extend
from the body of the graft. These extension arms al-
low the graft to be held in place without the need for
extensive suturing. Unique to these approachesis the
use of the ischiorectal fossa. Anteriorly, a transobtu-

rator route is used to gain access to this space and
secure the mesh in the space of Retzius (Fig. 5.1.15).
Posteriorly, the ischiorectal fossa is approached
though perianal incisions (Fig. 5.1.16a,b lateral and
anterior view of Avaulta). The friction of the long
arms helps secure the body of the graft. Initial short-
term data show success of 95% at 6 months (FATTON
2007). High erosion rates have been reported in up
to 12% of patients (COLLINET 2007). These limited
data show both promise and concern.

Conclusion

The collaboration between the radiologist and sur-
geon in the area of pelvic floor dysfunction contin-
ues to actively evolve. A unified language for grad-
ing dysfunction is frustratingly missing, and data
concerning what is normal are needed. Radiologists
need a thorough understanding of the supportive
anatomy of the pelvis to aid in this communication.
Clinicians need to recognize the value of imaging
studies in helping to understand pelvic floor disor-
ders. Physicians must also acknowledge the limita-
tions of imaging remembering the multifactorial na-
ture of pelvic floor disorders. Radiographic findings
(and for that matter clinical findings) do not always
correlate with patient symptoms, nor does structure
equate to function. However, pelvic floor imaging
can represent an unbiased high-quality assessment
tool in the study of the pelvic floor and in surgical
outcome studies. Working together, care for patients
with these problems will continue to improve.

Fig. 5.1.15. Another example of a tension-
free anterior wall graft repair extending
from arcus tendineus fascia pelvis on
each side bridging the levator hiatus.
(Perigee®, AMS, Minnetonka, MN)
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Fig. 5.1.16a,b. Example of a tension-free posterior wall graft with arms extending through the ischiorectal fossa, sagittal
view. Example of the same mesh from an antero-posterior view
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Introduction

Urinary incontinence is a prevalent disorder that oc-
curs more commonly in subjects with pelvic support
disorders. Conditions affecting bladder control can
be divided into problems affecting proper storage and
those of normal bladder emptying as mentioned in
one of the previous chapters on urodynamic testing.
This chapter focuses primarily on problems of blad-
der storage that result in loss of urinary control. The
epidemiology, clinical evaluation, and treatment op-
tions for urinary incontinence are discussed.

5.2.1.1
Definition

Urinary incontinence has been defined by the Inter-
national Continence Society (ICS) as: “involuntary
loss of urine which is objectively demonstrable and
a social or hygienic problem” (ABRAMS et al. 2002).
The ICS definition includes three separate and im-
portant concepts:
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e The loss of urine is not voluntary.

e Urine loss must be demonstrable on objective
testing, such as cystometry or cough testing.

e The incontinence must be perceived by the patient
as a social or hygienic problem.

The definitions of incontinence are important to
consider, as the studies regarding outcomes often use
different definitions for urinary incontinence. Varia-
tions in definitions occur because there are different
amounts of urine lost, frequency of these events and
how the incontinence events impact the individual.
In addition to the ICS definition of urinary inconti-
nence, an important concept is that the term urinary
incontinence denotes three different meanings:

e A symptom: subjective involuntary urine loss.

@ A sign: objective demonstration of urine loss.

e A condition: the pathophysiology underlying
incontinence by clinical or urodynamic tech-
niques.

5.2.1.2
Epidemiology

5.2.1.2.1
Prevalence of Urinary Incontinence

While not a life-threatening condition, urinary in-
continence is exceptionally common. Several reviews
summarize the epidemiology of urinary inconti-
nence. More than 40% of women over 40 are esti-
mated to experience urinary incontinence (VAN DER
VAART et al. 2000; BURGIOE et al. 1991). A marked
increase in the rate of urinary incontinence among
individuals who are institutionalized is also seen,
reaching as high as 72% (ToBa et al. 2008). It has been
shown that the prevalence of urinary incontinence
increases with the age (MALMSTEN et al. 1997). Stress
incontinence is more common overall as compared
to urge incontinence, although urge incontinence is
more prevalent in elder subjects. Overall, women are
twice as likely to experience incontinence as men,
but this ratio is actually much higher in women aged
25-64 years (BumP and NoRTON 1998).

Among women, increasing parity is associ-
ated with increasing rates of urinary incontinence
(ScHULMAN et al. 1997). The epidemiologic studies
are limited by the lack of consistent definitions re-
garding urinary incontinence. As mentioned above,
there is a variation in the definitions regarding fre-
quency of urine loss, volume of urine loss, as well as

bothersome symptoms resulting from the loss. Sev-
eral studies show that the prevalence rate for symp-
toms of urinary incontinence is high, but that the
portion of subjects that is bothered by this symptom
is low (HUNSKAAR et al. 2000). One study showed
that men were more likely to seek medical help for
urinary incontinence than women, despite having a
lower overall prevalence rate (ROBERTS et al. 1998).
The prevalence of urinary incontinence has also
been shown to be related to racial differences as is
reflected by the higher prevalence in white women
than black women (Kim et al. 2005).

Prevalence rates for surgical treatment of stress
urinary incontinence provide another way to look
at the concept of how bothersome the problem is to
the individual. If it were bothersome enough that
the subject opted for surgical treatment, one would
assume that it is a considerable burden for them.
Olsen and colleagues investigated the prevalence of
surgical treatment for women with incontinence or
pelvic organ prolapse (OLSEN et al. 1997). They esti-
mated that the risk of a woman undergoing a single
operation for prolapse or urinary incontinence by
age 80 years was 11.1%. Furthermore, 29.2% of the
patients required more than one surgical repair for
prolapse or urinary incontinence.

5.2.1.2.2
Risk Factors for Urinary Incontinence

Risk factors have to be established from well-designed
epidemiological studies, which unfortunately are
scarce. Most trials provide only cross-sectional
and not longitudinal data on urinary incontinence;
therefore, cross-sectional studies can only provide
correlations, but cannot demonstrate cause-effect
mechanisms. Identification of risk factors for urinary
incontinence has the potential advantage that spe-
cific patient behavior, situations, or treatments can be
avoided in order to prevent urinary incontinence.
Accepted risk factors for female stress urinary
incontinence are increased age, elevated body-mass
index (obesity), parity, pregnancy, and childbirth
(HUNSKAAR et al. 2000). Factors related to obstetric
injury during childbirth are older age at first deliv-
ery, epidural anesthesia, midline episiotomy, forceps,
or vacuum extraction, suturing after perineal lacera-
tion, and birth weight (PERssoON et al. 2000). Cesar-
ean section significantly reduces the risk of urinary
incontinence when compared to vaginal delivery
(odds ratio 1.7), but the risk of becoming incontinent
after cesarean section is still significantly higher
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when compared to women not giving birth (odds ra-
tio 1.5) (RORTVEIT et al. 2003). White women have
a higher chance to develop stress urinary inconti-
nence than black women (BROWN et al. 1999). Other
factors are also hypothesized to produce stress uri-
nary incontinence, but epidemiological studies re-
veal heterogeneous results regarding these suggested
factors, including hysterectomy, menopause, pelvic
organ prolapse, and cigarette smoking. The key risk
factors for male stress urinary incontinence are
prostate operations (transurethral resection, open
prostatectomy, radical prostatectomy, or radical cys-
toprostectomy). This suggests that the prostate itself
is part of the continence mechanism in men.

Risk factors for urge urinary incontinence in both
genders are cerebral stroke, cognitive impairment,
impaired mobility, constipation, decreased fluid in-
take, depression, and prolonged bed wetting in child-
hood (FoLDpsPRANG and MoOMSEN 1994). Further-
more, stress urinary incontinence operations might
trigger de novo detrusor overactivity, and urge uri-
nary incontinence (see Sect. 5.2.5.2); de novo detrusor
overactivity appears after Marshal-Marchetti-Krantz
vesico-urethropexy in ~40%, Burch colposuspension
~17%, facial slings ~17%, needle suspension ~6%, and
tension-free vaginal tapes ~10%. Drugs can also cause
or aggravate stress or urge urinary incontinence.
Evidence for drug-induced stress urinary inconti-
nence exists for a variety of medications, including
a-blockers, anti-psychotics, and benzodiazepines;
evidence for drug-induced urge incontinence exists
for direct and indirect parasympathomimetics, anti-
depressants, serotonin agonists, and hormonal re-
placement; evidence for overflow incontinence exists
formuscarinicreceptor antagonists (anticholinergics),
anti-Parkinson agents, and B-blockers (TSAKIRIS et
al. 2008). Based on their receptor-binding or working
mechanisms, many other drug classes are potentially
able to influence the function of bladder or urinary
sphincters as well; however, no hard evidence exists
for drug classes other than the ones listed above.

Continence Mechanisms

The following mechanisms are believed to contrib-
ute to female urinary continence (“stress conti-
nence control system”) (OELKE and ROOVERs 2008;
DELANCEY and ASHTON-MILLER 2004):

e Smooth and striated muscle cells in and around
the urethra close the urethral lumen (active
sphincteric system).

e The length of the urethra and urethral wall ten-
sion (collagen and elastic fibers, mucosa and sub-
mucosal cushion of blood vessels in the urethral
wall) guarantee additional positive pressure in the
urethra in the resting position (passive sphinc-
teric system or urethral wall factor) (ZINNER et
al. 1980).

@ Pressure transmission from the abdominal cavity
to the proximal urethra (passive pressure trans-
mission) (ENHORNING 1961).

e Activation of the coughing reflex via the pudendal
nerve leads to a fast contraction of the urethral
rhabdomyosphincter and pelvic floor before and
during vesical pressure increases (active pres-
sure transmission) (ENHORNING 1961; KaMo et
al. 2004).

e Posterior urethral wall support by fibro-muscular
tissue of the anterior vaginal wall and the tendi-
nous arch of the pelvic fascia (hammock system)
(DELANCEY 1994).

e Ventral kinking of the urethra during contrac-
tion of the levator ani muscle, longitudinal muscle
of the anus, and the hammock-muscle pulls the
vagina and bladder base back and downwards and
presses the urethra against the pubic bone (inte-
gral theory) (PETROS and ULMSTEN 1990).

Types of Urinary Incontinence

There are five different types of urinary inconti-
nence.

5.2.3.1
Stress Urinary Incontinence

According to the International Continence Society,
stress incontinence is defined as the involuntary
loss of urine during increased abdominal pressure.
Stress urinary incontinence can be due to a poorly
functioning urethral sphincter muscle, termed “in-
trinsic sphincter deficiency” (ISD), or due to hyper-
mobility of the bladder neck, implying loss of the
active supports (neurological innervation and pel-
vic floor muscles) and/or connective tissue supports
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(passive supports). While it is common to artificially
categorize the two conditions into separate entities,
most subjects suffering from stress incontinence
have a combination of both.

5.2.3.2
Urge Urinary Incontinence

Urge urinary incontinence is the complaint of in-
voluntary urinary leakage accompanied or imme-
diately preceded by urgency (complaint of a sudden
compelling desire to void that is difficult or impos-
sible to defer) and often associated with urinary fre-
quency [complaint of frequent voiding during day
time (=pollakisuria, >7 voids/day) or night time
(=nocturia, >1 void/night)] (ABRAMS 2002). The
corresponding urodynamic observation is detrusor
overactivity incontinence, which is defined as uri-
nary leakage due to involuntary detrusor contrac-
tion during the bladder-filling phase. Involuntary
detrusor contractions produce a rise of intravesi-
cal pressure, which leads to urinary leakage when
urethral pressure is exceeded. Urgency is the most
bothersome urinary symptom that affects the qual-
ity of life most substantially.

Detrusor overactivity should be qualified as pri-
mary (=idiopathic) detrusor overactivity when no
cause of involuntary detrusor contractions can be
defined or secondary detrusor overactivity when a
plausible cause of involuntary detrusor contractions
is found. Secondary detrusor overactivity might ap-
pear in patients with urinary tract infection, bladder
stones, bladder tumors, bladder catheters, or other
foreign bodies in the bladder. Less frequent causes
are bladder perforations due to transvaginal tapes
(TVT procedure, Fig.5.2.1) or non-absorbable su-
tures after pelvic operations (e.g., colposuspension,
see Sect.5.2.5). Detrusor overactivity in patients

Fig. 5.2.1. Bladder perforation due to TVT procedure

with urge urinary incontinence is therefore always
caused by bladder abnormalities and distinguished
from detrusor overactivity caused by neurological
diseases (see Sect.5.2.3.4, neurogenic urinary in-
continence).

5.2.3.3
Overflow Incontinence

Overflow incontinence refers to incontinence due
to an over-distended bladder usually associated
with a relatively hypotonic detrusor muscle. In this
circumstance, the patient may leak because of in-
creased abdominal pressure forcing urine out of the
over-distended bladder or because of small detrusor
contractions causing continuous small amounts of
leakage, even at rest (detrusor overactivity with im-
paired contractility).

5.2.3.4
Neurogenic Urinary Incontinence

The term neurogenic incontinence is used when a
patient has a relevant neurological disease and uri-
nary incontinence. Urinary incontinence appears
if patients have urinary sphincter paralysis and/or
detrusor overactivity (ABRAMs 2002). Involuntary
detrusor contractions in these patients are classi-
fied as neurogenic detrusor overactivity and, if these
detrusor contractions are associated with urinary
incontinence, as neurogenic detrusor overactivity
incontinence.

Involuntary detrusor contractions in patients
with neurological diseases are caused by decreased
supraspinal nerve stimulation of the micturition
center in the sacral spinal cord (S,-S,). During the
bladder filling phase in healthy individuals, the
neurons in the lateral horn of the grey matter of the
sacral spinal cord continuously stimulate the detru-
sor via parasympathetic nerves (pelvic splanchnic
nerves), the neurotransmitter acetylcholine, and
muscarinic receptors on the detrusor cells, but,
however, are inhibited by descending neurons of
the supraspinal urinary centers in the pontine area,
midbrain, and cerebral cortex via the neurotrans-
mitters dopamine, GABA, serotonin, noradrena-
line, and glutamate (DE GROAT 1998; MICHEL et al.
2005). In patients with neurological diseases, vary-
ing amounts of nerve cells or descending axons of
the supraspinal urinary centers are damaged, which
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causes reduced inhibitory input on the neurons in
the sacral micturition center leading to continu-
ous stimulation of the detrusor cells and detrusor
overactivity. Parkinson’s disease, multiple sclerosis,
cerebral infarction, cerebral trauma, or spinal cord
injury are frequently and a transverse lesion of the
spinal cord above the sacral micturition center is al-
ways associated with detrusor overactivity. Patients
with Parkinson’s disease have a chance of detrusor
overactivity of 45-98%, depending on their disease
stage. Detrusor overactivity is the first symptom of
the disease in approximately 10% of patients with
multiple sclerosis. Patients usually complain about
urgency when afferent neurons and bladder sensa-
tion are intact; in cases of afferent nerve damage
and diminished bladder sensation, the patient does
not have the feeling of urgency anymore (e.g., trans-
verse lesion of the spinal cord).

Neurogenic stress urinary incontinence appears
when nerves innervating the urinary sphincter
are damaged. The external urinary sphincter is
innervated by motor neurons in the anterior grey
matter of the sacral spinal cord (S,-S,), whose sig-
nals are transmitted via the pudendal nerves, ace-
tylcholine, and nicotine receptors to the skeletal
muscle (rhabdomyosphincter). Urinary sphincter
paralysis decreases urethral pressure and leads to
intermittent or continuous urinary leakage, de-
pending on the residual function of the urethral
sphincters.

underactive

@ &
©

underactive

Sphincter

overactive

Fig. 5.2.2. Bladder and urinary
sphincter dysfunctions

An isolated damage of nerve cells that inhibits
the micturition center in the sacral spinal cord or
innervates the urethral sphincter is untypical for
most of the neurological diseases. More frequently,
other neurons are affected as well, causing a broad
range of bladder and urinary sphincter dysfunc-
tions (Fig.5.2.2). Urodynamic investigations can
clarify these changes in the bladder filling and void-
ing phase (e.g., reduced bladder compliance, detru-
sor-sphincter dyssynergia, functional bladder outlet
obstruction with post-void residual urine, and stress
urinary incontinence).

5.2.3.5
Extra-Urethral Incontinence

Extra-urethral incontinence refers to urine loss
that occurs from sites other than the urethra
meatus. Examples include genitourinary fistulas
(vesicovaginal, uterovaginal, ureterovaginal, and
urethrovaginal fistulae) as well as ectopic ureter.
Presenting symptoms usually include continuous
leakage throughout the day and night without cor-
relation to stress or urge symptoms. The inconti-
nence is often the result of a surgical complica-
tion, and this is established by history. The other
common cause of fistulae is from obstetric trauma,
although this is a much more significant problem in
underdeveloped countries. Fistulas have also been

Detrusor

overactive
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described in patients who forgot to visit a doctor
for a check-up of a vaginal pessary used to treat
genital prolapse.

The diagnosis of fistula is usually confirmed on
vaginal examination of the vagina. Vesicovaginal
fistulae may be diagnosed with a tampon placed in
the vagina and retrograde instillation of methylene
blue or indigo carmine into the bladder via a cathe-
ter. The patient ambulates for 30 min, and if blue dye
stains the cranial part of the tampon, a vesicovagi-
nal or vesicouterine fistula is suspected. If the test is
negative, a similar test can be performed, but with
administration of oral pyridium or intravenous in-
digo carmine to look for staining of the tampon with
orange or blue, respectively. In the setting of a nega-
tive test for a fistula, staining with the second test is
consistent with an ureterovaginal fistula. Diagnosis
can be supplemented with cystoscopy, retrograde
cystography, voiding cystourethrography, and in-
travenous pyelography. Hysterosalpingography is
useful to establish the diagnosis of a vesicouter-
ine fistula, which might occur following cesarean
section.

Treatment of small fistulae may be conserva-
tive by a transurethral catheter for the duration of
3 months. In most cases, surgical correction will be
performed with reported successful repair rates in
the range of 67-100%.

Clinical Evaluation

The evaluation of incontinent subjects relies on ac-
curate history taking, a focused physical examina-
tion, and, if indicated, additional tests.

5.2.4.1
Patient History

The history for evaluation of urinary incontinence
focuses on whether the individual’s primary con-
cern is due to insufficient urethral resistance or
due to an overactive detrusor muscle or both. It is
especially important to establish the timing of the
incontinent episodes in relationship to other activi-
ties. Establishing the timing and frequency of these
episodes is often best determined by a bladder diary
(see next page).

Patients who leak at night are more likely to have
a detrusor-related problem or fistula, whereas those
who leak only while ambulatory are more likely to
have stress incontinence. It is also important to as-
sess the impact of the problem on the patient’s qual-
ity of life. Questions about pad usage, restriction of
exercises, or other activities, including coitus, help
to determine the impact of incontinence on the
patient.

Questions about incontinence of stool or flatus
should be addressed, as the prevalence of combined
urinary and anal incontinence has been reported to
be as high as 31% (Jackson et al. 1997). Also, the
presence of other defecation symptoms should be
assessed. These symptoms include: constipation,
painful defecation, incomplete evacuation, digital
evacuation, sensation of anal blockage, difficult
emptying, and soiling. Attention is paid to the pres-
ence of prolapse symptoms. Finally, sexual function
is assessed, and attention is paid to the presence of
urinary incontinence during intercourse.

The past medical history should be explored, in-
cluding conditions that limit mobility, neurologic
function, and normal comprehension. Prior bladder
problems, such as recurrent urinary tract infections,
stones, or malignancy, are addressed. Co-existing
conditions, such as congestive heart failure, diabetes
or back problems, should be noted. Congestive heart
failure and the resultant dependent peripheral edema
may lead to nocturia as the third-spaced fluids return
to circulation when the individual is recumbent at
night. Prior pelvic surgeries, including hysterectomy,
bladder, and bowel surgeries, are reviewed. Obstetri-
cal reviews are also reviewed to determine vaginal
parity, thelargest birth weight, and whether or not for-
ceps were used during delivery (see also Sect. 5.2.1.2.2
Risk factors for urinary incontinence).

In one series, clinical diagnosis of urinary in-
continence with history and physical examination
alone was accurate in only 65% of cases when com-
pared to an urodynamic diagnosis. As mentioned
above, when the treatment plan is conservative, it is
unlikely that harm could be inflicted when empiric
therapy is based on history if the post-void residual
and urinalysis are negative.

A complete list of all prescription and non-pre-
scription drugs that the patient is taking should be
obtained. Table 5.2.1 lists drugs that significantly af-
fect continence. When appropriate, discontinuation
of these medications or substitution of appropriate
alternative medications will often cure or signifi-
cantly improve urinary incontinence.
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Table 5.2.1. Commonly used drugs that can influence
bladder function

Drug Side effect

Antidepressants, Sedation, retention
antipsychotica, (overflow)
sedatives/hypnotics

Diuretics Frequency, urgency (OAB)
Caffeine Frequency, urgency (OAB)
Anticholinergics Retention (overflow)
Alcohol Sedation, frequency (OAB)
Narcotics Retention, constipation,

sedation
(OAB and overflow)

Decreased urethral tone
(stress incontinence)

Alpha-adrenergic blockers

5.2.4.2
Validated Questionnaires

There are several validated disease-specific quality-
of-life questionnaires to determine the quality of
life related to micturition. The Urogenital Distress
Inventory (UDI) comprises 19 questions to assess
the presence and experiences both of micturition
and prolapse symptoms (SHUMAKER et al. 1994).
The Incontinence Impact Questionnaire (IIQ) com-
prises 30 questions to assess the effects of these
symptoms on life quality, including effects on emo-
tional health, physical activity, travel, daily living
activities, sexual activity, and sleep. Short forms
of both the UDI and IIQ have been developed that
include only six and seven questions, respectively
(UeBERsAX et al. 1995). The clinical value of vali-
dated questionnaires is that they can consistently
assess micturition and prolapse symptoms and
the activity limitations they cause. Furthermore,
they are used in studies to quantify the effects of
interventions.

5.2.4.3
Physical Examination

Patients are examined in the supine position with a
filled bladder, meaning that the bladder is filled to
a volume of at least 300 ml, but ideally so that the
patients have an urge to void. If the bladder capac-
ity does not allow such volume, the bladder diary

can be helpful to determine what volume reflects a
filled bladder.

A targeted clinical examination includes an ex-
amination of the back, abdomen, pelvis, rectum,
and distal extremities. In the back examination,
evidence of paraspinal tenderness, costovertrebal
angle tenderness, asymmetry, or surgical scars can
be investigated. Unlike the back examination, the
abdominal examination is obligatory and focuses
on whether there are masses, suprapubic tender-
ness, or surgical scars. On pelvic examination, the
urethral meatus is inspected for irritation of pro-
lapse of the mucosa. The bladder neck is assessed
during maximal staining to assess the presence of
excessive mobility of the urethra. Hypermobility
can be assessed by performing a Q-tip test (see ad-
ditional tests). In each examination, it is important
to assess whether a genital prolapse is also present.
Ideally, this part of the examination is performed
using a Sims’ speculum, allowing assessment of
each vaginal compartment separately. The pelvic
organ prolapse quantification (POP-Q) score is the
scoring system of genital prolapse that has been
advised by the International Continence Society
(ICS) (Bump et al. 1996). The POP-Q system allows
a quantified measurement of the anterior, middle,
and posterior vaginal compartment, the diameter
of the genital hiatus, the length of the perineal body,
and the total vaginal length. This system has been
shown to be reproducible, takes only 30 s, and is
helpful to document the effects of prolapse surgery
on the anatomical abnormalities involved. During
the examination, the presence of vaginal atrophy
is documented. Rectal examination is performed
to assess normal sphincter tone and integrity. The
patient is asked to squeeze, and both the squeez-
ing pressure and duration are recorded. A normal
sphincter tone and ability to contract the levator
ani suggest an intact innervation to the pelvic floor
though sacral roots S2-4. Distal extremity exami-
nation focuses on normal innervation and sensory
dermatomes for the sacral nerve roots.

5.2.4.4
Additional Tests

e Assessment of post-void residual volume
Measurement of post-void residual bladder vol-
ume should be performed in all patients present-
ing with urinary incontinence. Assessment can
be done by bladder scan, ultrasound, or catheter-
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ization. An estimation of residual bladder volume
can also be made by abdominal palpation and
percussion or by X-ray (HILTON and STANTON
1981). There is no agreement on the cut-off value
to consider the residual volume as abnormal.
Most publications use a cut-off value of 100-
150 ml, although ideally residual bladder volume
should not exceed 50 ml. Whereas inadequate
emptying of the bladder may result in overflow
incontinence, there is evidence that residual blad-
der volume in continent and incontinent women
is similar (D10KNO et al. 1988).

Urine analysis

Urine analysis is recommended to be performed
in all patients. This analysis should minimally in-
clude a dipstick to test for the presence of blood,
glucose, and leucocytes in urine. Although the
exact relation between urinary tract infection and
incontinence is not completely understood, it has
been shown that symptomatic urinary tract infec-
tion is more common inincontinent than continent
women (REKERS et al. 1992; YARNELL et al. 1982).
A study comparing urodynamic evaluation before
and after treatment of bacteriuria showed that both
stress incontinence and urge incontinence might
disappear (BERGMAN and BHATIA 1985).

Stress provocation test

If stress incontinence is suspected, a provoca-
tive stress test may be performed by asking the
patient to cough vigorously while the examiner
observes for urine loss from the urethra (FISCHER
et al. 1986). There is no consensus about the blad-
der volume at which the cough test has to be per-
formed. A stress provocation test in supine posi-
tion with a standard bladder volume of 200 ml has
the best sensitivity to predict stress incontinence
with multi-channel urodynamics as reference
test (Hsu et al. 1999). The Bonney test is similar
to the stress provocation test, except the bladder
neck is lifted slightly with a finger or instrument
inserted into the vagina while the bladder stress
is applied. This checks to see if incontinence is
the result of hypermobility of the bladder neck,
but may obstruct the urethra, so its interpretation
is unpredictable.

The Marshall-Marchetti-Krantz test has been
advocated as an adjunct to the stress provoca-
tion test. After a positive stress test, the index
and middle fingers of the examiner’s hand are
pressed against the anterior vaginal wall, without
pressing the urethra. The stress test is repeated,
and if no leakage occurs this time, the Marshall-

Marchetti-Krantz test is defined as positive.
A positive Marshall-Marchetti-Krantz test has
been taken as an indication that the patient will
benefit from surgery. However, it has been stated
that the urethrta is obstructed during the Bonney
test and that the test may have a positive result ir-
respective the type of incontinence (MIGLIORINI
and GLENNING 1987). A better prediction of suc-
cessful surgery may be when a positive stress
provocation test becomes negative with a vaginal
pessary (BHATIA and BERGMAN 1985).
Urodynamic investigation

See Chapter 4.7.3

Bladder diary

The 24- to 48-h bladder diary provides a useful re-
cord of urinary frequency, average voiding volume,
frequency of voiding, and frequency and nature of
incontinent episodes, as well as type and volume
of fluid intake (BAILEY 1990). Patients are asked to
collect and measure their urine output in a mea-
suring cup for 24 or 48 h. The diary enables the
physician to make helpful suggestions regarding
the type and amount of fluid intake. For example,
patients with significant nocturia may benefit from
decreasing fluid intake after their evening meal or
those that have frequency associated with exces-
sive fluid ingestion can moderate their intake.
Ithasbeen showninastudy performed by Larsson
that there is a large overlap in frequency/volume
charts between women with detrusor instability
and healthy volunteers. No correlation was found
in this study between data of the frequency/vol-
ume chart and cytometry. It was concluded that
although the bladder diary may not be a tool with
differential diagnostic capabilities, it offers a
quantitative measure of the symptomatic degree
of motor urgency and can be used to measure the
effect of treatment (LARSSON et al. 1991).

Q-tip test

During the Q-tip test a sterile swab is lubricated
with sterile gel and under sterile conditions in-
serted in the urethra. It is first inserted with the
tip in the bladder and then withdrawn until resis-
tance of the tip is met at the bladder neck. During
a Q-tip test the angle of the urethra with the hori-
zontal plane is measured at rest and with Valsalva
by inserting a Q-tip in the urethra (KARRAM and
BHATIA 1988). The testis considered positive if the
angle of excursion is 30 degrees or more. This test
helps to diagnose urethral hyper-mobility, which
is believed to respond well to surgical correction
(Bakas et al. 2002). It is important to realize that
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such an observation does not confirm that the
patient’s incontinence is due solely to a motility
problem. Many women have hypermobility of the
bladder neck without incontinence.
o Cystoscopy

Cystoscopy is especially valuable in the diagnos-
tic workup of patients with urge incontinence.
Abnormalities in the bladder such as stones,
foreign bodies or tumors can be diagnosed and
sometimes immediately removed. A bladder
washout (cytology of a sample of the salt solution
used during cystoscopy) is helpful to rule out ma-
lignancies of the bladder.

5.2.4.5
Imaging

In patients with urinary incontinence the initial
management includes no imaging evaluation, ex-
cept for assessing the post-void residual urine us-
ing ultrasonography. However, if initial therapy fails
then specialized management is required.

Imaging studies of the upper urinary tract are
indicated in the following cases: (1) neurogenic uri-
nary incontinence with high risk of renal damage, (2)
chronic retention with incontinence, (3) untreated
severe urogenital prolapse, and (4) suspicion of ex-
tra-urethral urinary incontinence by upper urinary
tract anomaly. The choice of the imaging method
(X-ray, ultrasound, CT, MRI, or isotope scanning)
and their sequence depends on the clinical question
and their availability, possibly preferring the least
invasive and considering their cost effectiveness
(ArTIBANI and CERRUTO 2005).

Ultrasound imaging of the bladder is able to de-
tect some of the causes of secondary detrusor over-
activity (e.g., bladder stones or papillary bladder tu-
mors, Figs. 5.2.3 and 5.2.4) and should therefore be
performed in all patients with suspicion of urge uri-
nary incontinence. Patients might even have two or
more causes for detrusor overactivity incontinence
at the same time (e.g., bladder tumor in a patient
with Parkinson’s disease), which underlines the im-
portance of a systematic assessment in all patients
even when the cause of urinary incontinence seems
to be obvious after initial investigation.

Magnetic resonance imaging or computer to-
mography can visualize disease-specific changes in
the central nervous system such as substantia nigra
defects in patients with Parkinson’s disease, plaques
in patients with multiple sclerosis, cerebral lesions
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Fig. 5.2.4. Papillary bladder tumors

after cerebro-vascular accidents, brain tumors, and
bone or spinal cord abnormalities in patients with
myelodysplasia due to spina bifida. Ultrasound or
X-ray imaging of the urinary tract is not able to vi-
sualize the cause of urinary incontinence in these
patients, but might detect the consequences of neu-
rogenic bladder dysfunction, such as hydronephro-
sis due to low bladder compliance, detrusor wall
thickening due to detrusor-sphincter dyssynergia,
vesico-ureteral reflux (Fig.5.2.5), or postvoid re-
sidual urine. Ultrasound imaging should be done
regularly in all patients with neurogenic bladder
dysfunction in order to assess the current status of
the lower and upper urinary tract. Hydronephrosis
due to low bladder compliance is beside recurrent
upper urinary tract infection one of the most fre-
quent causes of renal insufficiency in these patients
(SINGHAL and MATHEW 1999). Early detection of
hydronephrosis and adequate therapy can pre-
vent renal insufficiency and dialysis (AEMAD and
GRANITSIOTIS 2007).
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Fig. 5.2.5. Vesico-ureteral reflux

Treatment of Stress Incontinence

5.2.5.1
Conservative Treatment

5.2.5.1.1
Habit Training

Habit training is prescribed to assess an individ-
ual’s normal voiding pattern. It is generally used
for institutionalized subjects who have cognitive or
functional impairments contributing to their incon-
tinence. This therapy is more successful in patients
with urge incontinence than in patients with stress
incontinence, as prompted or timed voiding may
allow for bladder emptying before the bladder in-
voluntary contracts. Patients who have the symptom
of stress incontinence due to overflow incontinence
may benefit from behavior therapy.

5.2.5.1.2
Mechanical Devices

Mechanical devices to treat urinary incontinence
can be divided into three categories: (1) intraure-

thral devices, (2) vaginal support devices, and (3)
extraurethral devices. The main working mecha-
nism of these devices is that they support the bladder
neck, thus preventing the effect of hypermobility of
the bladder neck. The intraurethral devices have a
median corrected cure/improved rate of 43%, with
a high rate of urinary tract infections (VIERHOUT
and Loskt 1997). These are primarily devices that are
inserted into the urethra and secured in place with a
balloon, similar to a Foley catheter balloon. They are
disposable, and after each void, anew oneisinserted.
Vaginal devices include tampons, contraceptive dia-
phragms, bladder neck prosthetic devices, and pes-
saries. Mean corrected cured /improved rates are
63% for several different devices (VIERHOUT and
Losk 1997). Side effects include vaginal discharge,
pelvic pressure, and sexual symptoms.

The last category includes urethral occlusive de-
vices for women that are applied by the patient. One
type uses a suction cap that is squeezed and fitted
over the urethral meatus. Silicone gel helps main-
tain the seal, and it is removed for voiding (MOORE
et al. 1999). Another device is a pad applied over the
urethral meatus that seals the urethra.

5.2.5.1.3
Specialized Pelvic Physiotherapy

5.2.5.1.3.1
Pelvic Floor Muscle Training

Pelvic floor muscle training (PFMT) for the man-
agement of urinary incontinence was popularized
by Arnold Kegel (1894-1981). PEMT has principally
been recommended in the management of stress and
mixed urinary incontinence, but has increasingly
become part of the conservative treatment program
offered to women with urge urinary incontinence.
For stress urinaryincontinence, the aims of PEMT
are to improve pelvic organ support (particularly of
the bladder, bladder neck, and urethra) and increase
intra-urethral pressure during exertion. The ratio-
nale that PEMT is effective in the treatment of stress
incontinence is that (1) patients learn the use of a
well-timed, fast and strong voluntary pelvic floor
muscle contraction before and during the exertion,
(2) pelvic floor muscle strength will be increased,
and (3) pelvic floor muscle contraction will be facili-
tated through abdominal muscle contraction. This
rationale was supported by the findings of a small
randomized controlled trial, demonstrating that
the use of a well-timed voluntary pelvic floor muscle
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contraction (called “the knack”) could reduce leak-
age with coughing (MILLER et al. 1998).

The Cochrane analysis on pelvic floor muscle
training concludes that PEMT seems to be better
than no treatment, placebo drug, or inactive control
treatments for women with stress, urge, or mixed in-
continence (HAY-SMITH and DumMoULIN 2006). The
trials included in this meta-analysis suggested that
the treatment effect might only be greater in women
with stress incontinence who tended to be younger
(in their 40s and 50s) and have participated in a su-
pervised PEMT program for at least 3 months.

5.2.5.1.3.2
Biofeedback Therapy

Biofeedback therapy uses an electronic device to
help individuals having difficulty identifying the
levator ani muscles. Biofeedback therapy is recom-
mended for treatment of stress incontinence, urge
incontinence, and mixed incontinence. During bio-
feedback therapy, a special tampon-shaped sensor is
inserted in the vagina or rectum, and a second sen-
sor is placed on the abdomen. These sensors detect
electrical signals from the pelvic floor muscles. The
patients contracts and relaxes the pelvic floor mus-
cles as told by the physiotherapist. The electric sig-
nals from the pelvic floor muscles are displayed on
a computer screen. A small randomized controlled
trial suggested that adding biofeedback therapy to
PEMT resulted in better outcome as compared to
PFMT only (GLAVIND et al. 1996). However, this was
not confirmed by a larger trial conducted in the
United States (GOoODE et al. 2003).

5.2.5.1.4
Drug Treatment

The serotonin (5-hydroxytryptamine [5-HT]) and
noradrenalin (NA) reuptake inhibitor duloxetine is
currently the only widely approved pharmacologi-
cal treatment option for women with stress urinary
incontinence (SUI). The rationale for employing
duloxetine in SUT is based on the role of 5-HT and
NA in the neurological control of the lower urinary
tract. Animal studies have shown that duloxetine
increases the concentration of 5-HT and NA in the
sacral spinal cord, thereby facilitating an increased
activity of the external urethral sphincter (rhab-
dosphincter) and preventing urine leakage during
the storage phase of the micturition cycle (THOR
and KaToriasc 1995). Importantly, 5-HT and NA

exert only a modulating effect as they are not able
to directly excite motor neurons. Glutamate is the
key descending neurotransmitter and can be con-
sidered as the ‘on/off’ switch for micturition. In the
absence of glutamate, no rhabdosphincter activity is
observed, irrespective of the presence of 5-HT and
NA. Hence, duloxetine enhances sphincter activity
during urine storage when glutamate is released, but
allows complete relaxation of the rhabdosphincter
once glutamate release is inhibited during the void-
ing phase (OELKE et al. 2006).

The efficacy of duloxetine for treating women
with SUT, as shown in several double-blind, placebo-
controlled randomized clinical trials, has suggested
a similar mode of action, although no direct evi-
dence for this pathway in humans was available until
recently (DMocHOWSKI et al. 2003; MILLARD et al.
2004; NorTON et al. 2002). Two recent studies pro-
vide support for duloxetine’s mechanism of action in
humans. Duloxetine was shown to have a significant
effect on the excitability of pudendal motor neurons
and on sphincter contractility in healthy women (Boy
et al. 2006; Bump et al. 2004). In contrast, no relevant
effect was observed on urethral resting tone. Another
study reported important increases in Valsalva leak
point pressure and in the rhabdosphincter electrical
activity at rest and with coughing in women with SUI
who responded to duloxetine. These studies support
the hypothesis that duloxetine in women with SUI
enhances urethral closure through neuromodula-
tion of the rhabdosphincter.

5.2.5.2
Surgical Therapy

Surgical treatment should be considered when con-
servative measures fail. For the management of stress
incontinence, hundreds of operations have been de-
scribed. Before the introduction of the mid-urethral
sling, it has been the trend that the surgical approach
should depend upon whether the urodynamic diag-
nosis was bladder neck hypermobility or intrinsic
sphincter deficiency (see Table 5.2.1). However, it has
been shown that midurethral slings have good surgical
outcome independent of the urodynamic diagnosis.

5.2.5.2.1
Anterior Colporraphy

Originally anterior colporraphy has been described
as correcting stress incontinence. Comparative
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studies have shown that the long-term results of
this procedure generate poor results (BERGMAN and
EL1A 1995). Therefore, this technique is reserved for
the treatment of anterior vaginal wall prolapse.

5.2.5.2.2
Needle Urethropexy

During needle urethropexy a needle is passed bilat-
erally alongside the bladder neck from the abdomi-
nal approach through the space of Retzius. Sutures
at the bladder neck are brought back through the
space of Retzius and attached to the abdominal wall.
Several modifications have been described, for ex-
ample by Stamey, Pereyra, and Raz. As long-term
results are poor, these techniques will rarely be per-
formed nowadays.

5.2.5.2.3
Abdominal Retropubic Urethropexy
(Colposuspension)

Until the end of the previous century, open retro-
pubic urethopexy was the standard care in patients
with hypermobility of the bladder neck. There are
two common approaches: the Burch colposuspen-
sion and the Marshall-Marchetti-Krantz proce-
dure. During both techniques the space of Retzius
is dissected by an abdominal approach to reach the
bladder neck. For the Burch operation, two or three
permanent sutures are placed at each side of the
bladder neck and anchored to Cooper’s ligament
on the ipsi-lateral side (see Fig. 5.2.6). During the
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Fig. 5.2.6. Burch retropubic urethropexy. Bilateral pairs of
permanent sutures are placed in the paravaginal fascia to
support the anterior vaginal wall at the level of the bladder
neck. Each suture is anchored to Cooper’s ligament on the ip-
silateral side (with permission, CHEN and HORBACH 1997)

Marshall-Marchetti-Krantz procedure, one to three
pairs of non-absorbable sutures are placed at the
bladder neck and sutured to the cartilage at the sym-
physis pubis.

The Burch colposuspension is the surgical tech-
nique with the longest documented follow-up
(KjoLHEDE 2005). In randomized compared trials, it
has been proven to be superior as compared to ante-
rior colporraphy and needle suspension (BERGMAN
and EL1a 1995). The disadvantage of this technique
is that the abdominal approach generates more mor-
bidity. Hematoma may occur in the area of the para-
vaginal veins at the space of Retzius, particularly
in association with dissection of the wrong tissue
plane. Radiological imaging can assist in ruling out
complications of a hematoma, abscess, or ureteral or
bladder injury. Additionally, imaging can assist in
ruling out osteitis pubis or osteomyelitis as a com-
plication of the Marshall-Marchetti-Krantz proce-
dure (LENTZ 1995).

5.2.5.2.4
Suburethral Sling

The suburethral sling has traditionally been the
operation of choice for the treatment of intrinsic
sphincter deficiency and recurrent stress inconti-
nence after a primary operation. Various materials
have been utilized to perform a sling procedure,
including autologous or heterologous fascial grafts
from the rectus abdominus muscle or fascia lata. Ca-
daveric fascia lata allograft has also been used, but
the results were very poor (SOERGEL et al. 2001).

The sling can be secured to the rectus abdomi-
nus fascia, Cooper’s ligament, or the pubic bone it-
self by bone anchors (BENT and MCLENNAN 1998).
The pubovaginal sling uses a suture attached to each
end of the sling to suspend it to the rectus sheath
until it heals in place to the back of the pubic bone.
The difference with the minimally invasive slings is
that the sling is wrapped around the urethra. Dur-
ing a minimally invasive sling procedure a mesh is
placed without tension under the midurethra. Since
the introduction of the minimally invasive sling, the
traditional sling is seldom performed for primary
cases, but remains in use for recurrence.

5.2.5.2.5
Minimally Invasive Midurethral Sling

Minimally invasive midurethral slings have changed
the way many surgeons treat stress urinary inconti-




Urinary Incontinence: Clinical and Surgical Considerations

199

nence. Many of these midurethral sling procedures
can be performed under local anesthesia with short
operative times and minimal dissection. The ten-
sion-free vaginal tape (TVT) was one of the first
widely available retropubic (RP) midurethral slings.
During this procedure a synthetic polypropylene
mesh is positioned at the midurethra via a vaginal
incision of approximately 1 cm. This mesh is then di-
rected under the symphysis pubis via a large curved
needle to two small incisions in the abdominal wall.
The mesh is adjusted so that it does not transport
any force to the urethra. It does not need to be su-
tured as the mesh stays in place due to friction of
the surrounding tissues once the protective plastic
sleeve covering the tape is removed.

Randomized controlled trials have shown that, as
compared to Burch colposuspension, TVT is equally
effective. When costs are taken into consideration,
TVT appears to be more cost efficient (WARD and
HirtoNn 2002; ManNca et al. 2007). Complication
rates range from 1% to 7% and include bladder and
other organ perforation, bleeding, voiding dys-
function, and de novo irritating voiding symptoms
(KARRAM 2003).

More recently, the transobturator (TO) approach
was developed in an attempt to further minimize
associated morbidity. During the TO approach the
midurethral tape is also inserted by a midurethral
vaginal incision of about 1 cm, but instead of being
placed retropubically, the mesh is passed through
the obturator foramen by long curved needles. Dur-
ing the TO approach, the mesh exits at both sides
just lateral of the groin (Fig. 5.2.7, with permission
of Elsevier), whereas during the RP approach, the
mesh exits the abdominal wall just above the level of
the pubic bone. Randomized controlled trials show
similar results for the RP and TO approach (Sung

Fig. 5.2.7. TO approach

et al. 2007). However, the TO approach is associated
with fewer complications as it avoids the area of the
bladder and the space of Retzius (SUNG et al. 2007).

5.2.5.2.6
Urethral Bulking Agents

In the presence of intrinsic sphincter deficiency
without urethral hypermobility, bulking agents
are a surgical option. A urethral injection is per-
formed into the submucosa of the bladder neck
and can be performed as a transurethral injec-
tion via a cystourethroscope or as a peri-urethral
injection using a needle adjacent to the urethra.
Several agents have been used, including bovine
collagen, polytetrafluoroethylene, silicone, pyro-
lytic carbon-coated zirconium oxide beads, and
autologous fat or chondrocytes. Whereas the risk
of complications is low, the success rates are also
lower than with many of the other procedures
with an overall long-term cure rate reported as
20-30%, but with another 50-60% of subjects not-
ing marked improvement (BENT and MCLENNAN
1998). Repeated injections frequently have to be
performed as many injectables tend to migrate. A
specific problem is the development of overactive
bladder symptoms due to migration to the blad-
der neck. Freedom from complications, especially
in the elderly, makes this a useful technique in
selected patients.

5.2,5.2.7
Artificial Urethral Sphincter

Artificial urethral sphincters are indicated in case
other surgical procedures fail. Another indication
is to treat men with post-prostatectomy urinary




200

J.-P. Roovers and M. Oelke

stress incontinence. An artificial sphincter is placed
around the urethra, and a reservoir allows the
sphincter to be inflated to maintain continence, and
then deflated to allow emptying (Fig. 5.2.8). Success
rates for the treatment of post-prostatectomy sub-
jects are approximately 80%, but re-operation rates
approach 50% for the treatment of complications,
including infection and malfunction (CLEMENS et
al. 2001). A review of 207 women treated with an
artificial sphincter for intrinsic sphincter deficiency
without mobility showed success in 88.7% with a
re-operation of 5.9% (Costa et al. 2001).

Treatment of Urge or
Neurogenic Urinary Incontinence

If the assessment of the patient revealed a plausible
cause of urge urinary incontinence (secondary urge
urinary incontinence), a causal treatment is the first
choice. For example, if infection is found, inconti-
nence will often disappear after antibiotic treatment
of cystitis. Similarly disintegration and removal of
bladder stones, transurethral resection of bladder

Fig. 5.2.8. An artificial sphincter is placed
around the urethra, and a reservoir allows the
sphincter to be inflated to maintain continence,
and then deflated to allow emptying
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tumors, removal of foreign bodies in the bladder,
etc., can prove effective.

The same strategy is applied to patients with neu-
rogenic urinary incontinence if a causal therapy is
available (e.g., L-DOPA treatment of Parkinson’s
patients). In patients with idiopathic urge urinary
incontinence, neurogenic urinary incontinence due
to detrusor overactivity without therapy directed
at the specific cause or in those patients in whom
causal therapy was not successful, symptomatic
treatment is indicated. In patients with neurogenic
urinary incontinence due to sphincter paralysis,
stress urinary incontinence therapies might be ap-
plied (see Sect. 5.2.5). Treatment should always start
with conservative methods and should only proceed
with surgery if conservative methods have failed or
had serious or bothersome side effects.

Most of the described conservative and surgical
treatment options are well investigated. Cochrane
collaboration meta-analyses are available for most
of the conservative therapies (bladder training, pel-
vic floor muscle training, and oral medical treat-
ment) and for botulinum toxin injections. Therefore,
these treatment recommendations have the highest
level of evidence (level la according to the Oxford
classification). Randomized, placebo-controlled tri-
als (level 1b according to the Oxford classification)
are available for most of the other conservative and
some of the operative therapies.

5.2.6.1
Conservative Treatment

All conservative treatment options can be used
alone or in combination. Efficacy data are available
for the mono-therapies, but combination treatment
is expected to be more efficacious. Side effects are
less frequent and less severe than with surgical treat-
ments.

5.2.6.1.1
Behavior Therapy

Behavioral changes to avoid urinary leakage and
increase the time between the voids should be an
integral part treatment for urge urinary inconti-
nence. Fluid intake and urine production have a
linear relationship in men and women with undis-
turbed renal function. Abnormal drinking behavior
with a high amount of fluid intake might be re-
sponsible for pollakisuria and even urinary incon-

tinence. Fluid restriction before leaving the house or
sleeping reduces urine production during this time
and decreases bothersome urgency, frequency, or
incontinence. However, fluid restriction should only
be utilized temporarily, and the patient should keep
drinking for about 1% to 2 1 within 24 h.

All drugs that cause detrusor overactivity and/
or reduce urethral resistance are potentially able
to cause or aggravate urinary incontinence. A re-
cently written article demonstrated that direct or
indirect parasympathomimetics, anti-depressants,
serotonin-noradrenaline reuptake inhibitors, and
hormonal replacement therapies (estrogens + pro-
gestin) can cause detrusor overactivity (TSAKIRIS et
al. 2008). Reduction of the dosage or change of the
drug class might help avoiding or reducing inconti-
nence episodes. Diuretic drugs for treatment of ar-
terial hypertension can cause large, sudden effluxes
of urine into the bladder that might trigger invol-
untary detrusor contractions (D1okNo et al. 1991).
Therefore, diuretics should not be used when a bath-
room is unavailable or urgency, frequency, or incon-
tinence is strictly unwarranted (e.g., before outside
activities or at night). Diuretics should be changed
to other drug classes, if possible. Caffeine or artifi-
cial sweeteners are implicated in causing and dete-
riorating detrusor overactivity and therefore should
be reduced or avoided (CARTWRIGHT et al. 2007);
caffeine-free coffee might be used instead.

5.2.6.1.2
Bladder Training

This conservative treatment modality, sometimes
also classified as bladder drill or bladder re-train-
ing, contains three basic components: (1) patient in-
formation about bladder function and continence
mechanisms, (2) scheduled voiding with fixed or
flexible voiding intervals, and (3) positive reinforce-
ment in order to give patients psychological support
and encouragement (FANTL et al. 1991). The mecha-
nism of action remains unclear, but may act via an
increase of bladder capacity. Bladder training can be
applied to patients who are physically and mentally
fit and motivated. A voiding chart helps patients to
realize their voiding frequency and encourages them
to proceed with this conservative therapy approach.
Bladder training can be combined with cognitive
distraction techniques. A meta-analysis of bladder
training trials was performed by the Cochrane col-
laboration showing that bladder training was more
effective than no bladder training. Furthermore,
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the patients’ perception of cure, quality of life, and
side effects were in favor of bladder training when
compared to anticholinergic treatment (oxybutynin,
imipramine, or flavoxate), and bladder training was
equally effective compared to pelvic floor muscle
training with biofeedback (WALLACE et al. 2004).

5.2.6.1.3
Pelvic Floor Muscle Training

Pelvic floor muscle training aims to improve pel-
vic organ support, increase intraurethral pressure
during exertion or urgency, and intensify reflex
inhibition of detrusor contractions. The training
program consists of (1) well-timed, fast, and strong
voluntarypelvicfloor muscle contractionbeforeand
during exertion or urgency to increase the strength
of the pelvic floor, (2) pelvic floor muscle endurance
training, and (3) facilitation of pelvic floor muscle
contraction through abdominal muscle contrac-
tion (Bp 2004). Pelvic floor muscle training is an
active treatment and needs the active participation
of the patient; therefore, the patient has to be mo-
tivated and physically fit to perform the program.
Before treatment, the patient should be instructed
about the pelvic floor anatomy, pelvic floor func-
tion, treatment program, and therapy goal. During
treatment, the effects should be controlled by a
physiotherapist or nurse practitioner. Pelvic floor
exercises need to be performed for atleast 2 months
before significant effects can be expected. Pelvic
floor muscle training was originally used to treat
stress urinary incontinence, but showed favorable
effects in patients with urge or mixed incontinence
as well. A meta-analysis by the Cochrane collabora-
tion demonstrated that pelvic floor muscle train-
ing can cure or improve urge urinary incontinence
with a likelihood ratio of more than 2 compared to
inactive treatments (HAY-SMITH and DUMOULIN
2006). However, pelvic floor muscle exercises are
more effective in patients with stress urinary in-
continence, especially in young patients and those
who perform the pelvic floor muscle training more
than 3 months.

5.2.6.1.4
Neurostimulation

Squeezing of the penile glans has been shown to sup-
press detrusor contractions by mechanical stimula-
tion of the dorsal penile nerve, which is the most su-
perficial branch of the pudendal nerve (KonDo et al.

1982). During neurostimulation, nerves and muscles
are directly stimulated by electrical current, hereby
influencing the activity of the bladder and urethral
sphincters (VAN DER BALKEN et al. 2004). The exact
working mechanism is still unknown, but stimula-
tion of pudendal nerves with consecutive stimula-
tion of sympathetic hypogastric inhibitory neurons
or central inhibition of pelvic parasympathomimetic
excitatory neurons is most likely responsible for the
favorable effects of neurostimulation (LINDSTROM
et al. 1983). Electrical stimulation seems to be more
efficacious than mechanical stimulation. Electrical
current should be administered close to the puden-
dal nerves in order to achieve neurostimulation;
transvaginal, transrectal, penile, or clitoral stimu-
lation is suitable for this purpose. Neurostimulation
needs to be performed for a long period to achieve
significant clinical effects and, after stopping the
therapy, symptomatic relapse occurs frequently.
Electrical stimuli might be painful in patients with
normal sensation and, therefore, the patient has to
be motivated to proceed with this treatment. How-
ever, neurostimulation is a viable treatment option
for patients with neurogenic detrusor overactivity
and impaired sensation of the lower abdomen.

5.2.6.1.5
Peripheral Neuromodulation

Neuromodulation is defined as the physiological
process in which the influence of the activity in one
neural pathway modulates the pre-existing activ-
ity in another via synaptic interaction (CRAGGSs and
MCFARLANE 1999). In other words, neurostimula-
tion influences bladder function directly and neu-
romodulation indirectly. Somehow contradictory
is the fact that most neuromodulation procedures
contain the word “stimulation,” which is incorrect
when considered as the proposed working mecha-
nism, but correct when one considers that electrical
current has to be applied to stimulate one system
in order to modulate the other. Peripheral applica-
tion of electrical current leads to central inhibition
of the bladder and suppression of detrusor overac-
tivity. Furthermore, neuromodulation may lead to
reorganization of the neuronal systems that control
the bladder centrally and peripherally as well as to
restoration of normal reflex patterns (FALL 1984).
Peripheral neuromodulation can be performed by
stimulation of the suprapubic skin or S2/S3 derma-
tome (percutaneous electrical nerve stimulation,
TENS), thigh muscle, or tibial nerve (percutane-
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ous tibial nerve stimulation, PTNS). Urodynamic
studies revealed a decrease of detrusor overactivity
and an increase of bladder capacity. A randomized,
crossover study of patients with detrusor overactiv-
ity that were treated with TENS or the muscarinic
receptor antagonist oxybutinin showed efficacy in
favor of oxybutinin (SoomRo et al. 2001). Neverthe-
less, peripheral neuromodulation is a viable treat-
ment option for patients who prefer this treatment
approach or are not suitable for other treatments.

5.2.6.1.6
Medical Treatment

Muscarinic receptors on the surface of detrusor cells
mediate detrusor contractions after acetylcholine
stimulation. In the human bladder wall, only mus-
carinic receptors type M, and M, are expressed, of
which M;receptorsare exclusively responsible for de-
trusor contraction in healthy individuals. However,
M, receptors also mediate detrusor contractions in
patients with neurogenic bladder dysfunction. Mus-
carinic receptor antagonists (anticholinergics) are
drugs that block type M, and M, receptors and pre-
vent or decrease involuntary detrusor contractions.
Darifenacin, fesoterodine, oxybutynin, propiverin,
solifenacin, tolterodine, and trospium chloride are
registered drugs for oral use in adults (Table 5.2.2).
Other drugs (e.g., tricyclic antidepressants or cal-
cium channel blockers) have limited use these days
for the oral treatment of urge or neurogenic uri-
nary incontinence due to the unspecific inhibition
of receptors and poor efficacy. All anticholinergic
drugs increase bladder capacity and compliance and
decrease urgency, frequency, and urinary inconti-
nence significantly. Urge urinary incontinence epi-
sodes disappear in approximately 50% of patients,
and subjective improvement is achieved in approxi-
mately 75% of patients. A Cochrane collaboration
meta-analysis compared anticholinergic drugs with
placebo and demonstrated that all anticholinergic
drugs are equally effective, and all muscarinic re-
ceptor antagonists are significantly better in improv-
ing symptoms when compared to placebo (NABI et
al. 2006). A second Cochrane collaboration meta-
analysis compared anticholinergic drugs with other
non-medical therapies (bladder training, behavior
therapy) and concluded that objective improvement
was more common in patients with anticholiner-
gic drugs, and the combination of anticholinergic
drugs with bladder training was more effective than
bladder training alone (ALHASSO et al. 2006). Anti-

Table 5.2.2. Registered anticholinergic drugs for the oral
treatment of overactive bladder in children and adults. The
dosages refer to adult Caucasians

Drug Recommended daily dosage

Darifenacin 1Xx7.5-15 mg
Fesoterodine 1X4-8 mg
Oxybutynin 2-4X5mg
1X10 mg
Propiverin 2-4x15 mg
1x30 mg
Solifenacin 1Xx5-10 mg
Tolterodine 2x1-2 mg
1X4 mg
Trospium chloride 3x5-15 mg

cholinergic side effects are dry mouth, tachycardia,
hypertension, constipation, blurred vision, fatigue,
queasiness, vomiting, or confusion. All side effects
occur significantly more frequently compared to
placebo (NaBI et al. 2006).

Installation of drugs into the bladder (e.g., oxybu-
tynin, capsaicin, and resiniferatoxin) is feasible for
patients who are already on or are willing to perform
intermittent self-catheterization. The efficacy of the
drug can be increased due to the use of a higher dos-
age (oxybutynin until 0.7 mg/kg body weight/day),
and systemic side effects can be avoided. Capsaicin
and resiniferatoxin do not have an official registra-
tion yet, and therefore legal and reimbursement
problems might appear.

5.2.6.2
Surgical Treatment

Operations should only be considered when conser-
vative methods have failed or had serious or bother-
some side effects. The patient needs to have an ad-
equate performance status because surgery requires
anesthesia, which might cause serious side effects it-
self. Transurethral procedures are performed while
rinsing the bladder in order to allow good vision. In
patients with neurogenic bladder dysfunction, rapid
bladder filling, filling the bladder with cold rinsing
fluid, or overdistension of the bladder might cause
autonomic dysregulation, which results in hypoten-
sion or even cardiac arrest. Furthermore, adequate
positioning of the patient for surgery is essential for
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achieving the treatment goal. Some patients with
bone malformations are difficult to position ade-
quately and therefore have to be excluded from cer-
tain procedures. While considering operations one
has to bear in mind that patients from Third World
countries do not have the opportunity or money to
have repeated surgery, readjustments, catheters, or
other supporting devices.

5.2.6.2.1
Botulinum Toxin Injections

The neurotoxin of the gram-positive, anaerobic
bacterium Clostridium botulinum can be injected
through a cystoscope and needle into the detrusor
and causes irreversible blockage of acetylcholine
release at the neuromuscular junction. This che-
modenervation lasts approximately 6-12 months;
the paralytic effects diminish after sprouting of the
terminal nerve endings and re-innervation. There-
fore, periodical re-injections are necessary to main-
tain the effects. Botulinum toxin should be injected
in all parts of the bladder to allow equal distribution
of the neurotoxin; 15-30 injection sites are usually
sufficient to cover all parts of the bladder. Of the
seven sub-types of botulinum toxins, only types A
and type B are commercially available. There are
differences in the biological activities among these
products, and therefore different dosages have to be
injected for different products. Furthermore, treat-
ment of neurogenic detrusor overactivity needs a
higher dosage than treatment of idiopathic detru-
sor overactivity. Botulinum toxin injections show
excellent effects by increasing bladder capacity,
bladder compliance, and the quality of life of the
treated patients, decreasing urgency, frequency, and
the amount of involuntary detrusor contractions as
well as reducing urinary leakage (SCHURCH et al.
2005). A meta-analysis of the Cochrane collabora-
tion confirmed superior effects compared to placebo
or resiniferatoxin (DUTHIE et al. 2007). Botulinum
toxin for the treatment of neurogenic detrusor over-
activity is officially registered only in Switzerland
(2007).

5.2.6.2.2
Sacral Neuromodulation

Sacral neuromodulation is an operative procedure
in which an electrode is implanted in the sacral fo-
ramen S; unilaterally or bilaterally. The electrode
is connected with an impulse generator that is po-

sitioned subcutaneously in the buttock or ventral
abdominal wall (Fig. 5.2.9). The impulse generator is
battery driven and sends electrical impulses contin-
uously to the sacral nerves, suppressing involuntary
detrusor contractions via afferent pudendal nerve
stimulation and central inhibitory pathway activa-
tion. However, the exact working mechanism is still
under discussion (VAN DER PAL et al. 2006). Ap-
proximately 30% of patients who were therapy-resis-
tant to conservative treatment modalities respond to
sacral neuromodulation; therefore, test stimulations
with temporarily and percutaneously implanted
electrodes and an external impulse generator are
used to evaluate treatment effects. Implantation of
a permanent device (InterStim® system, Medtronic)
is likely to be successful if the voiding frequency
or incontinence episodes have decreased by at least
50% during the test stimulation. The treatment ef-
fect during test stimulation and after permanent
placement is dependent on the position of the sacral
electrodes. Therefore, X-ray imaging is routinely
performed to control the position of the electrode(s)
after placement (Figs. 5.2.10 and 5.2.11). More than
75% of the patients in whom the InterStim® system
was implanted report a significant reduction of ur-
gency, frequency, and urinary incontinence after the
implantation (GRUNEWALD and JoNas 2000). After
5 years, 68% of patients with urge incontinence and
56% of patients with urgency and frequency still
had successful outcomes (VAN KERREBROECK et al.
2007).

5.2.6.2.3
Bladder Augmentation

All different types of bladder augmentations aim
to increase bladder capacity, reduce intravesical
pressure, and equalize intravesical pressure during
involuntary detrusor contractions. The two main
types of bladder augmentations are autoaugmenta-
tion and intestinal augmentation. During the opera-
tion of both types of augmentations, the patient lies
in the supine position, and the bladder is exposed
via a median or transverse laparatomy.

e During autoaugmentation, the detrusor of the
anterior bladder wall and bladder dome is split
until the mucosa, which, however, has to remain
intact. After several weeks, a bladder diverticulum
forms at this place. The wall of the diverticulum
only consists of bladder mucosa that is unable to
contract during voluntary or involuntary detru-
sor contractions. During detrusor contractions,
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Fig. 5.2.9a-d. The electrode is connected with an impulse generator that is positioned subcutaneously in the buttock or
ventral abdominal wall

the intravesical pressure remains stable due to the
windkessel effect of the diverticulum wherein the
diverticulum expands to relieve pressure during
bladder contractions that occur in the absence of
urethral relaxation.

During intestinal augmentation, the entire blad-
der wall is split in a vertical fashion, reaching
from the trigone of the posterior bladder wall
until the bladder neck of the anterior wall (clam
cystoplasty). An anti-mesenterially detubular-
ized segment of the small or large intestine is
sutured into the gap of the split bladder wall.
As a result, a bladder diverticulum forms at this
place. The wall of the bladder diverticulum con-
sists of the intestinal wall, which is not able to
contract during voluntary or involuntary detru-

sor contractions. Furthermore, partial dener-
vation of the bladder during clam cystoplasty
is also responsible for suppression of detrusor
overactivity.

Success rates in terms of treatment of urinary
incontinence and reduction of intravesical pres-
sure vary between 50-85%. Intestinal augmentation
seems to have higher success rates, most probably
due to the additional effect of partial denervation.
Up to 45% of the patients with a bladder augmenta-
tion need to perform intermittent self-catheteriza-
tion due to the high amount of postvoid residual
urine. The diverticulum can be imaged with X-ray
after transurethral or suprapubic filling of the blad-
der with contrast media (Fig. 5.2.12).
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Fig. 5.2.10. X-ray imaging is routinely performed to control
the position of the electrode(s) after placement

Fig. 5.2.11. X-ray imaging is routinely performed to control
the position of the electrode(s) after placement

5.2.6.2.4
Bladder Replacement-Urinary Diversion

If all conservative or less invasive operative treat-
ment strategies have failed to treat urinary incon-
tinence successfully, bladder replacement is the
last option. With new treatment methods and in-
creasing efficacy of other conservative or operative
treatments, urinary diversion seldom has been per-
formed for this indication during the last decade.
However, the different types of bladder replace-
ments are well established and broadly used for the
treatment of muscle-invasive bladder cancer. In all
types of bladder replacements, the entire bladder
is resected, and an artificial bladder of intestine is
formed in which the ureters are implanted; there-
fore, the smooth muscle of the bladder, the producer
of detrusor overactivity, is removed. The three main
types of bladder replacements are:

e Conduits: a segment of colon or ileum is taken
from the intestinal and the ureters are sutured
into the proximal end. The distal end of the intes-
tinal tube is guided through the abdominal wall
and sutured to the skin. Urine passes through the
conduit continuously and has to be collected in a
bag that is pasted on the skin at the level of the
conduit opening.

e Heterotopic neobladders: after removal of the
bladder, a neobladder (pouch) is formed of ileum
and/or colon. The neobladder is located in a

Fig. 5.2.12. The diverticulum can be imaged with X-ray af-
ter transurethral or suprapubic filling of the bladder with
contrast media
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position outside of the bladder bed (heterotopic,
suprapubic urinary diversion), and a tube to the
skin is created with the help of small intestine or
the vermiform appendix; this tube usually ends
in the umbilicus. The different types of hetero-
topic neobladders use a variable amount of small
and/or large intestine; examples are the Mainz I
or Kock pouches. The patients have to catheterize
themselves several times per day via the navel-
neobladder tube. A special type of heterotopic
neobladder is the Mainz IT pouch, which is created
by plication of recto-sigmoid colon and implanta-
tion of the ureters in an anti-refluxive fashion; the
patient empties urine during defecation.

e Orthotopic neobladders: the bladder can be
removed with (supra-trigonal orthotopic neo-
blader) or without the trigone (infra-trigonal
orthotopic neobladder). A neobladder is formed
with the small and/or large intestine and sutured
on the trigone or urethral stump. Therefore, the
neobladder is positioned in the old bladder bed
(orthotopic); examples are the Hautmann, Studer,
or hemi-Kock pouches. Patients empty their neo-
bladder by urethral sphincter relaxation and
straining or by self-catheterization.

Conduits or heterotopic neobladders are also
used to treat stress urinary incontinence. How-
ever, orthotopic neobladders are not suitable for the
treatment of stress urinary incontinence because
the patient would continue to lose urine due to the
insufficient urethral closure mechanism. All types
of urinary diversions have the disadvantage that,
beside the full range of intraoperative complica-
tions, urine is reabsorbed by the intestinal mucosa,
which might cause metabolic problems. A fibrotic
stenosis at the uretero-intestinal anastomosis or at
the skin level might cause hydronephrosis and renal
insufficiency. Stone formation in hetero- or ortho-
topic neobladders might cause hematuria, chronic
infection, or hydronephrosis. If the distal ileum was
used, malabsorption of vitamin B,, can occur, which
might cause megaloblastic anemia several years af-
ter the operation. Chronic contact of urine on the
mucosa of the intestinal segment might also cause
chronic inflammation (pouchitis) or even colo-
rectal carcinoma.
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Introduction

Constipation is a symptom that we all have experi-
enced at some time or another. While the vast major-
ity of patients with constipation need no specialist
medical investigation, the radiological investigation
of severely affected patients has attracted consider-
able attention over recent years. This has happened
in tandem with the parallel development of tech-
niques for physiologic assessment and a greater un-
derstanding of the pathophysiology of the condition.
Ultimately, despite this wealth of research, the role
of imaging remains controversial. This chapter will
define the role of evacuation proctography in the in-
vestigation of severely constipated patients and will
stress the importance of a balanced interpretation
that takes account of both structural and functional
imaging findings in these individuals.

S. HAarrigaN, MD, FRCR, MRCP

Professor of Gastrointestinal Radiology, Department of
Specialist X-Ray, University College Hospital, 235 Euston Road,
London, NW1 2BU, UK

Constipation

Constipation is the ‘diseases of diseases’ (WHORTON
2000). The belief that constipation predisposes to
“internal putrefaction” has been widely held since
at least the 16 century BC (EBBELL 1937). By the
beginning of the 19" century, there was a general
medical consensus that constipation was the fore-
most disease of civilisation, a universal affliction of
the industrialised societies. This concept was but-
tressed by the discovery that bacteria cause infec-
tion, thereby proving that “the colon was a sewage
pit teeming with bacteria, a cesspit that, in patients
with constipation, was not being regularly emptied”
(WHORTON 2000). Such concepts led directly to the
notion of “autointoxication” - that the constipated
patient was slowly and inevitably poisoning him-
self. The constipated patient, Charles Bouchard
declared, “is always working towards his own de-
struction; he makes continual attempts at suicide
by intoxication” (BoucHARD 1906). The inevitable
culmination of such theories is undoubtedly best
expressed by the surgeon Arbuthnot Lane who, in
the early 20" century, advocated colectomy as the
cure-all for practically any disease you might care
to mention (LANE 1913). Even in the 21% century, the
notion of anto-intoxication remains alive and well;
colonic irrigationists are enjoying thriving business
despite no substantial evidence that their “therapy”
is beneficial.

What is constipation? While all of us are famil-
iar with the term, it should be borne in mind that it
merely describes a symptom and so means differ-
ent things to different people. Furthermore, because
of the private nature of defaecation, what passes for
normal bowel habit is particularly subjective and in-
frequently discussed. For example, there is consid-
erable individual variation in response when people
are asked to define constipation (SANDLER and




212

S. Halligan

DRrOSSMAN 1987). Some will concentrate on bowel
frequency, whilst others will be more concerned
with ease of defecation, for example stool size and
consistency, and the need for prolonged straining.
Indeed, most people have more than one definition.
Because of this, it is generally accepted that a sat-
isfactory definition of constipation must include
concepts of both infrequent defecation and difficult
evacuation. While a globally valid definition of con-
stipation probably remains elusive, the following is
broadly applicable: infrequent stools defined by less
than three per week and/or difficult evacuation de-
fined by forceful straining for more than 25 per cent
of the total time spent in the lavatory (DROSSMAN
1994).

Chronic constipation is very common. It has
been estimated that one in five apparently healthy
middle-aged adults have symptoms suggesting
functional constipation (TALLEY et al. 1993). In
1989 it was estimated that there were approximately
2.5 million physician consultations for constipation
each year in the USA (JoHANSON et al. 1989). The
economic impact is also considerable; a 1987 study
estimated that cathartics were prescribed for 3 mil-
lion people yearly in the USA, with over 200 million
dollars spent on laxatives (SANDLER et al. 1987).
Furthermore, a study of severely constipated pa-
tients found that three-quarters had taken time off
work because of their affliction, with one-fifth los-
ing their job (PRESTON and LENNARD-JONES 1986).
As noted already, constipation is very common, and
the vast majority of sufferers never visit a doctor for
help: Population-based studies have revealed a high
prevalence amongst those not seeking health care.
Nevertheless, as a group those individuals who do
consult a doctor tend to have worse symptoms and,
as a consequence, probably real cause for complaint
(HEATON et al. 1991).

A physical sign can be elicited on clinical exami-
nation, but a subjective experience or symptom is
much more difficult to prove. Interestingly, while
doctors usually accept patients’ claims that they
are constipated, patients are notoriously inaccurate
when asked to define their own bowel frequency
(CHAUSSADE et al. 1989). In extreme cases some pa-
tients will deny the passage of stool in the face of
objective evidence (obtained via transit studies) to
the contrary (HINTON et al. 1969)! A study of 224 pa-
tients referred with complaints of severe constipa-
tion documented normal investigations in 49 (22%),
with daily stools in 24 (11%) (REX et al. 1992). It is
important therefore to seek objective evidence of

constipation rather than merely relying on the pa-
tient’s historical account and subjective experience
(PrOBERT et al. 1994). For example, while infrequent
defecation and small hard stools both imply slow
colonic transit, an objective measure of this may be
achieved by a simple test that documents the pas-
sage of ingested markers through the gut (Evans and
LENNARD-JONES 1992). It is clearly inappropriate to
investigate all patients presenting with symptoms of
constipation, even if this were economically feasi-
ble. The physician’s role is to determine those whose
symptoms are considered severe enough to warrant
further investigation. Generally, severe constipation
is three times more frequent in women, and the most
severely affected patients are practically always fe-
male; in one series of patients whose constipation
was severe enough for colectomy to be considered,
all were women (KAMM et al. 1988).

It should be remembered that the primary aim
of investigation is to sort patients into groups that
are defined by the most prominent functional ab-
normality (e.g., slow transit, difficult evacuation),
which will help to guide subsequent treatment. How-
ever, the treatment options for severe constipation
are presently limited, and investigation may achieve
little else other than to confirm symptom severity.
It must be appreciated that this is not a field where
there is any final histological arbiter. Functional dis-
orders are difficult to analyze. Interpretation must
be cautious and referenced to developments in re-
lated fields of diagnosis.

Investigation

Causes of constipation are myriad (Table 6.1.1). In-
deed, the possibilities range from rare congenital ab-
normalities to carcinoma of the colon. Because the
vast majority of cases are merely related to lifestyle
and diet, a sensible approach to clinical investigation
must be adopted. As stated above, further investiga-
tionis only warranted in those with severe symptoms
or those where a sinister underlying cause could be
responsible. ‘Change in bowel habit’ is a common
symptom precipitating referral, especially in older
patients where the worry is that a carcinoma might
be present. Carcinoma, however, usually results in a
change from constipation to diarrhoea rather than
vice versa, and sinister symptoms such as anaemia
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Table 6.1. Causes of constipation

Simple constipation
Dietary:
Lifestyle:

Secondary constipation

Inadequate fibre

Repressed defecatory urge

Congenital: Hirschsprung’s disease, idiopathic megarectum/megacolon
Mechanical: Carcinoma

Drugs: E.g., analgesics, antidepressants

Metabolic: E.g., diabetic neuropathy, chronic renal failure

Endocrine: E.g., hypothyroidism, hypercalcaemia

Neurological: Multiple sclerosis, spinal trauma, autonomic neuropathy,

Parkinson’s disease

Psychological:

E.g.,

depression, anorexia

Idiopathic slow transit constipation

Evacuation disorder
Functional:

Structural:

Anismus, ineffective straining, solitary rectal ulcer syndrome

Rectocele, descending perineum

Constipation predominant irritable bowel syndrome

and rectal bleeding may also be present. Where an
underlying carcinoma is a real clinical possibil-
ity, patients require flexible sigmoidoscopy in the
first instance or a total large bowel investigation if
symptoms suggest a right-sided tumour, usually via
barium enema, CT colonography or colonoscopy.
Symptoms of a carcinoma are usually relatively
short-lived, whereas most patients will complain
of chronic symptoms. Most of those who consult
a doctor will respond to simple dietary measures
once an underlying cause has been excluded if nec-
essary. This leaves a group of patients who have se-
vere symptoms of constipation, but in whom simple
measures have been ineffective. Buried within these
will be a small, but significant number of younger
patients who have been markedly constipated all of
their lives; this raises the possibility of a congenital
disorder. In these patients abdominal palpation may
reveal a hugely loaded colon, often with abdominal
distension. In such instances, a simple water-soluble
enema is all that is required to diagnose or exclude
a congenital abnormality, with the emphasis on a
lateral view of the contrast-filled rectum. There are
three possibilities: Hirschsprung’s disease, congeni-
tal megarectum or congenital megacolon. All three

are defined by gross rectal dilatation, usually defined
by a transverse measurement of 6 cm or more at the
sacral promontory (GLADMAN etal.2007; PRESTON et
al. 1985). In the case of Hirschsprung’s disease, there
will be a relatively narrowed segment interposed be-
tween the dilated rectum and the anus, representing
the contracted distal aganglionic segment, which
can be of variable length (Fig. 6.1.1). In contrast, dil-
atation extends right down to the level of the pelvic
floor/anorectal junction in patients with megarec-
tum and megacolon. Distinction between the latter
two depends on the sigmoid colon, which is of nor-
mal calibre in congenital megarectum (Fig. 6.1.2),
but also dilated in those with congenital megaco-
lon (GAaTTUsO and KamMm 1997). Studies of colonic
transit and rectal evacuation are unwarranted in
any of these patients since the diagnosis is made by
contrast studies. It should be noted that imaging is
superior to physiological testing for diagnosis be-
cause the rectoanal inhibitory reflex (anal sphincter
relaxation as a response to rectal distension) - the
absence of which is used to diagnose Hirschsprung’s
disease — may be impossible to elicit in patients with
megarectum simply because the balloon used is not
large enough to distend the abnormal rectum.
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Fig. 6.1.1. Water-soluble enema in a 46-year-old man reveals
a dilated proximal rectum with distal short segment, diag-
nosing Hirschsprung’s disease

However, the majority of patients presenting with
severe constipation have no readily identifiable ‘or-
ganic’ cause, and it seems reasonable to classify these
on the basis of their functional disturbance. This is
achieved by a combination of anorectal physiology
testing, transit studies (Chap. 4.8) and evacuation
proctography (Chap. 4.1). There are then a variety
of possibilities; patients will be found to have slow
colonic transit, abnormalities of rectal evacuation
or a combination of both. Transit studies and their
interpretation are detailed in Chapter 4.8. Patients
who solely exhibit slow colonic transit are likely to
be suffering from “idiopathic slow transit constipa-
tion” (PRESTON and LENNARD-JONES 1986). These
individuals are almost exclusively young women
and additionally suffer constitutional symptoms and
abdominal bloating together with a dramatically re-
duced stool frequency. There is some evidence that
the underlying abnormality is not merely confined
to the colon, but is more generalised. For example,
many exhibit abnormal antroduodenal manometry
(GL1a and LINDBERG 1998). The underling disor-
der remains obscure, but is likely to be related to
a generalised sensory and autonomic neuropathy
(KNowLES et al. 1999), which might explain why

3 |

Fig. 6.1.2. Water-soluble enema in a 20-year-old man reveals
a hugely dilated rectum that extends right down to the pel-
vic floor. There is no short segment, and the sigmoid colon
is of normal calibre, suggesting the diagnosis is idiopathic
megarectum

colectomy so often fails to ameliorate symptoms
(BERNINT et al. 1998).

In other patients, the predominant characteristic
may be difficult defecation: i.e., the patient cannot
empty their rectum or they have to strain forcefully
and for prolonged periods in order to do so, or they
experience feelings of incomplete evacuation after
stool passage. Most constipated patients with pre-
dominantly rectal symptoms probably experience
a combination of all of these, a symptom complex
termed “outlet obstruction” or “obstructed defeca-
tion”. Obstructed defecation has been estimated to
affect 7% of the adult Western population (D’HOORE
and PENNINCKX 2003).

While classification of patients into those with
colonic inertia and those with rectal outlet obstruc-
tion is now considered simplistic, it remains clini-
cally convenient, and for this reason transit stud-
ies and evacuation proctography are frequently
requested together. To further complicate matters,
slow colonic transit and abnormal rectal evacua-
tion frequently co-exist. For example, a study of 14
women suffering from idiopathic slow transit con-
stipation found that they also had decreased rectal
sensory perception when compared to controls, and
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few were able to pass a simulated stool (READ et al.
1986). Perhaps this interrelationship should not be
surprising since, intuitively, transit and rectal evac-
uation ought to be related; if they were not, then stool
delivered to the rectum at a normal rate in patients
with isolated obstructed defecation would cause a
megarectum within days! Supporting an interrela-
tionship, normal volunteers who consciously sup-
press the urge to defecate show a dramatic slowing
of proximal colonic transit within 1 week (KLAUSER
et al. 1990). The situation is analogous to the ‘ileo-
caecal brake’, where increased delivery of intestinal
contents to the caecum slows proximal small bowel
transit. Furthermore, this relationship implies that
treatment should be directed at normalising rectal
evacuation in any patient who demonstrates both
slow transit and impaired voiding, since the former
could merely be a normal physiological response to
the latter. Moreover, this approach also suggests that
an assessment of rectal evacuation is probably the
single most important test in severely constipated
patients since it most precisely characterises the
primary abnormality (READ 1989).

In many patients all investigations will be en-
tirely normal, and this raises the possibility that the
irritable bowel syndrome is responsible. Although
irritable bowel is defined by the Rome criteria
(THOMPSON et al. 1989), which centre on abdominal
pain and change in bowel habit, there are constipa-
tion-predominant subgroups (PRrIor et al. 1990).
Interestingly, many have heightened sensitivity to
rectal distension, which might explain sensations
of incomplete evacuation in those who complain of
constipation (PRIOR et al. 1990).

Evacuation Proctography and Constipation

Constipation is the commonest reason to request
evacuation proctography, although pelvic pain, pro-
lapse (either rectal or otherwise) and anal inconti-
nence may occasionally be other indications. For the
reasons described above, the main aim of evacua-
tion proctography is to characterise rectal evacua-
tion; is it normal or not? Evacuation proctography
will usually be of most use in those patients whose
symptoms suggest ‘obstructed defecation’.
Generally, proctographic findings may be broadly
divided into two groups: abnormalities of rectal and

pelvic floor configuration, and functional abnor-
malities of rectal emptying. Any competent proc-
tographic report should incorporate an assessment
of both of these. The overall picture is complicated
by the fact that structural and functional rectal ab-
normalities usually co-exist, and it is therefore dif-
ficult to determine which one is the primary cause of
the patient’s symptoms, if either. Luckily, there are
only a few possibilities: structural rectal abnormali-
ties may be broadly grouped into prolapse, rectocele
and pelvic floor descent, and functional abnormal-
ity generally means an inability to empty the rectum
rapidly and completely, whatever its configuration.
These possibilities are considered in the paragraphs
below.

6.1.4.1
Rectal Prolapse

Rectal prolapse may be external or internal. Ex-
ternal rectal prolapse is circumferential and tends
to be “complete” - i.e. all of the rectal wall layers
are involved. In essence, the rectum is extruded
through the anus. In contrast, circumferential pro-
lapse, which remains confined to the rectal ampulla
or which only enters the anal canal, is termed in-
tussusception (intra-rectal and intra-anal intussus-
ception, respectively). Intussusception may involve
all rectal wall layers or only involve the mucosa
and its immediate subjacent layers. The term intus-
susception implies a circumferential process; when
the phenomenon is confined to the anterior rectal
wall, it is more correctly termed ‘anterior mucosal
prolapse’.

Complete rectal prolapse clearly needs surgical
treatment. Diagnosis is usually not difficult, al-
though evacuation proctographyis occasionally nec-
essary if the prolapse is very intermittent and can-
not be demonstrated on the examination couch. The
introduction of evacuation proctography facilitated
the diagnosis of rectal prolapse and, furthermore,
the dynamic nature of the examination meant that
its mechanism could be studied directly for the first
time. Cineradiographic studies revealed that rectal
prolapse developed from a circumferential intussus-
ception 6 to 8 cm from the anal verge (BRODEN and
SNELLMAN 1968), and it rapidly became clear that
prolapse was frequently retained within the rectum,
lending support to the concept of internal intus-
susception, first described in 1903 (TuTTLE 1903).
Whilst clinical diagnosis of intussusception relies
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on direct proctoscopy while the patient strains, the
introduction of evacuation proctography meant that
accurate diagnosis of intussusception, including
subtle forms, was now possible.

Proctographic intussusception has been divided
into a seven-point scale (SHORVON et al. 1989), but
thereis probably no practical need for such a detailed
scoring system. It is easier to divide intussusception
merely into high and low grades, which is an attempt
to define whether it is abnormal or not, especially
since intussusception is known to occur frequently
in asymptomatic individuals. Low-grade intussus-
ception is defined by a thin circumferential ring
that originates in the rectal ampulla when emptying
commences and travels towards the ano-rectal junc-
tion as voiding continues (Fig. 6.1.3). Importantly, it
remains confined to the rectum. High-grade intus-
susception also develops in the same way and also
remains confined within the rectum, but in this
case the prolapsing folds are much thicker, bulkier
and capacious (Fig. 6.1.4). Although it is possible to
measure the thickness of prolapsing folds in order

Fig. 6.1.3. In this case, lateral proctography reveals circum-
ferential rectal infolding during evacuation, diagnosing in-
tussusception. The folds remain high in the rectum and are
not particularly thick. Such low-grade intussusception is a
common finding

to differentiate between high- and low-grade intus-
susception, with 3 mm being the usually quoted
threshold, it is difficult to measure such structures
precisely and, in any event, such measurement is
rarely clinically necessary: With experience, an ac-
curate diagnosis can be made simply by inspecting
the radiological images.

It is worth remembering that the rectum has to
empty for intussusception to be revealed. Intussus-
ception is most frequently and best visualised at the
end of evacuation when the rectum is empty, and
this is when it should be graded: If the apex of the
prolapsing folds enters the anal canal then this is
termed intra-anal intussusception, which is classed
as a high-grade phenomenon (Fig. 6.1.5). Intra-anal
intussusception is recognised by anal canal splay-
ing as a consequence of the folds entering the canal.
However, this may not always be most visible in the
conventional lateral view because the rectal folds are
coronal. Consequently, it may be worthwhile ask-
ing the subject to strain while proctography is per-
formed in the anterior-posterior position, a position
where the intussusception is most visible (McGEE
and BARTRAM 1993). Complete rectal prolapse is di-
agnosed when the full thickness of the rectal wall
is extruded through the anal canal (Fig. 6.1.6). Care

Fig. 6.1.4. Lateral proctography reveals circumferential
rectal infolding during evacuation. The folds are thick and
prominent and travel towards the distal rectum, typical of
high-grade intussusception
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Fig. 6.1.5. The apex of the prolapsing folds enters the anal
canal in this patient, diagnosing intraanal intussusception

should be taken not to confuse this with the eversion
of the anal margin that sometimes accompanies
forceful straining. Anterior mucosal prolapse is di-
agnosed when only the anterior rectal wall appears
to be infolding during rectal evacuation (Fig. 6.1.7);
it is commonly seen in association with a rectocele
and most likely represents collapse of the rectocele
as it empties.

An association between intussusception and
constipation has long been recognised, with sev-
eral authors hypothesising that the prolapsing folds
obstruct the rectal lumen and are thus the cause of
incomplete evacuation (IHRE 1990). Because of this,
proctographic diagnosis of intussusception has at-
tracted considerable attention. Moreover, the clear
implication is that once diagnosed, surgical oblit-
eration of the prolapse will ameliorate symptoms
(HorrFMAN et al. 1984). However, while some au-
thors report excellent symptomatic results follow-
ing surgery (JoHANSSON et al. 1985; LIBERMAN et al.
2000), others have had less success despite proof that
the prolapse has been cured (HALLIGAN et al. 1995;
CHRISTIANSEN et al. 1992; ORROM et al. 1991). The
fact that intussusception can be demonstrated in as-
ymptomatic volunteers casts some doubt on whether
it is the primary cause of symptoms: SHORVON and
co-workers (1989) found proctographic intussuscep-
tion in 22 (50%) of 44 normal volunteers. While it is

Fig. 6.1.6. Lateral proctography shows complete rectal pro-
lapse, evidenced by extrusion of all rectal wall layers through
the anus. There is also retained contrast within a rectocele

commonly believed that intussusception obstructs
evacuation, this phenomenon is rarely seen in prac-
tice, and there is little evidence to support the sup-
position that the rectum is mechanically occluded
by the prolapsing folds (HALLIGAN et al. 1996). A
proctographic study of patients with intussuscep-
tion found that some patients with intussusception
evacuated slowly, while others did not, but that this
had no impact on the incidence of evacuatory symp-
toms (DVORKIN et al. 2005a). The authors concluded
that subclassification of intussusception was of little
clinical significance and that selection for surgery
solely on the basis of proctographic appearances was
illogical. In another study the same authors noted
that intussusception occurring in symptomatic pa-
tients is of higher grade than that documented in as-
ymptomatic controls (DVORKIN et al. 2005b). Other
authors have found no relationship between procto-
graphic features of intussusception and symptoms
of constipation (KARLBOM et al. 2004). It seems most
likely to the author that high-grade intussusception
is an epiphenomenon produced by forceful strain-
ing that then engenders an enhanced sensation of
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Fig. 6.1.7. In this woman the anterior rectal wall has pro-
lapsed into the anal canal towards the end of evacuation.
Note that the process is confined to the anterior rectal wall
and is not circumferential so that the diagnosis is anterior
mucosal prolapse rather than intussusception. Note that the
prolapse also walls off contrast within a rectocele

incomplete evacuation, but does not in itself cause
mechanical rectal blockage.

Much of this uncertainty may be explained by the
fact that the mechanism of intussusception remains
poorly understood in most cases. Some believe that
intussusception inevitably progresses to complete
rectal prolapse given enough time (HOFFMAN et
al. 1984), whereas others suggest that longitudinal
studies show no such progression (MELLGREN et
al. 1997). This raises the possibility that complete
rectal prolapse and intussusception are different
syndromes. It has also been suggested that rectal
hypersensitivity, which encourages the subject to
void small volumes repeatedly, in combination with
a weak sphincter mechanism provides the ideal
conditions for prolapse into the anal canal, and that
this is the mechanism for all forms of rectal prolapse

(Sun etal. 1989). Perhaps the most prevalent current
theory is that rectal intussusception is merely a sec-
ondary response to prolonged and chronic strain-
ing because of an underlying functional disorder
(Eu and SEow-CHOEN 1997). Supporting this, surgi-
cal series where an underlying functional disorder
has been preoperatively excluded report excellent
symptomatic outcomes (vAN TETs and KuUIJPERS
1995). Moreover, symptoms thought characteristic
of intussusception, such as perineal and rectal digi-
tation, are now known to be strongly associated with
functional disorders.

The solitary rectal ulcer syndrome is a well-
recognised clinical entity that describes a combina-
tion of rectal prolapse and functional abnormality
of evacuation (Mor1o et al. 2005). The condition is
characterised by repeated fruitless straining, often
accompanied by the passage of blood and mucus.
Proctoscopy usually reveals rectal inflammation
and chronic anterior rectal wall ulceration (classi-
cally a “solitary ulcer”) that is accompanied by spe-
cifichistopathological changes within the prolapsing
mucosa (HALLIGAN et al. 1995), similar to those that
are present in prolapsing bowel mucosa at other sites
(prolapsing stomas, for example). Although the pre-
cise aetiology remains obscure, it is widely believed
that ulceration is a direct result of mucosal isch-
aemia secondary to repeated straining (WoMACK et
al. 1987). Proctographic abnormalities are common
and many patients exhibit high-grade rectal intus-
susception or complete rectal prolapse (Fig. 6.1.8),
in addition to prolonged and incomplete evacuation
(HALLIGAN et al. 1995). Endosonographic studies
of the internal anal sphincter have also shown that
this structure is abnormally thickened in patients
with solitary rectal ulcer and that this finding may
be predictive of high-grade rectal intussusception
(MARSHALL et al. 2002). While treatment in the
past was usually directed at surgical obliteration
of the intussusception, contemporary treatment is
more conservative and directed towards measures
to ameliorate straining (Rao et al. 2006), although
patients with complete rectal prolapse will usually
require surgery to correct this.

6.1.4.2
Pelvic Floor Descent

By relating the position of the anorectal junction to
a landmark, such as the ischial tuberosities or com-
mode seat, proctography provides a simple method
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Fig. 6.1.8. Proctography shows rectal intussusception in
this woman known to have solitary rectal ulcer syndrome
(SRUS)

to determine the position of the pelvic floor at rest
and how far it descends during evacuation. It is gen-
erally accepted that proctography provides the most
accurate estimate of pelvic floor position and descent
because clinical methods using a perineometer mea-
sure movement of the anal verge during maximum
straining and not to the point of anal canal opening
(OETTLE et al. 1985). PARKS et al. (1966) described a
clinical syndrome where the main finding was ex-
cessive pelvic floor descent, defined as more than
3-4 cm, coupled with alow resting level of more than
3 cm below the pubococcygeal line (Fig. 6.1.9). Of a
series of 100 consecutive patients attending a rectal
clinic, 12 displayed these characteristics, 10 of whom
(83%) strained excessively at stool compared with
only 20 (23%) of the remaining 88. Because of this,
Parks suggested the underlying abnormality was
likely due to irreparable pudendal nerve traction
neuropathy as a consequence of chronic stretching
(ParKks et al. 1966). It has been estimated that the
pudendal nerves may be stretched by as much as
20% over time (HENRY et al. 1982).

It is clear is that excessive pelvic floor descent is
frequently found in patients referred for evacuation
proctography (SkoMOROWKA et al. 1988) and is often
seen in combination with perineal ballooning, recto-
cele, intussusception and impaired evacuation. Fur-

Fig. 6.1.9. Lateral proctography shows gross pelvic floor
descent at rest, evidenced by the distance of the anorectal
junction below the commode seat

thermore, there is no doubt that straining stresses
the pudendal nerves; a study of asymptomatic in-
dividuals found that voluntary excessive straining
temporarily slowed pudendal nerve latency when
measured immediately afterwards (ENGEL and
KamM 1993). However, whether the pelvic floor bal-
looning that accompanies the syndrome is respon-
sible for symptoms of constipation is uncertain. In-
deed, many patients with pudendal neuropathy and
pelvic floor descent are incontinent. In an attempt
to explain this, it has been suggested that chronic
straining, precipitated by an underlying functional
disorder, causes pudendal neuropathy, the ultimate
expression of which is sphincter denervation and
subsequent incontinence (HENRY et al. 1982). The
pelvic floor may also be weakened by childbirth,
which can also cause perineal descent. Thus, the
finding probably reflects a multifactorial spectrum
of pelvic floor injury rather than indicating a spe-
cific syndrome or aetiology. Supporting this, a pro-
spective proctographic study of 213 patients found
no correlation between pudendal neuropathy and
perineal descent (JORGE et al. 1993). Surgery directed
specifically at restoration of normal pelvic floor con-
figuration is highly contentious and unlikely to be
helpful, but behavioural therapy may help selected
patients (HAREwWOOD et al. 1999).
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6.1.4.3
Rectocele

A rectocele is an anterior rectal wall bulge that is
usually most evident during evacuation (Fig. 6.1.10).
Rectoceles are common in women because the rec-
tovaginal septum is a relatively weak structure. As
a result, rectoceles are likely to be a normal variant:
SHORVON and co-workers (1989) found a rectocele
in 96% of asymptomatic women studied. However,
there is an undoubted association between a large
rectocele and difficult rectal evacuation, although,
like intussusception, it is difficult to determine
whether the rectocele is the primary cause of prob-
lems. Patients, almost exclusively women, describe
a specific constellation of symptoms: the urge to
defecate is normal, but voiding is obstructed and
often associated with a lump appearing at the vagi-
nal introitus. Proctography is frequently requested
for diagnosis, and a large rectocele may be defined
as one deeper than 4 cm (KeLvIN et al. 1992). It is
frequently believed that the need to digitally ma-
nipulate the rectocele in order to facilitate empty-
ing signifies functional significance (HALLIGAN and
BARTRAM 1995), e.g., by digitating the vagina in or-
der to support the rectovaginal septum. Similarly,
inability to fully empty the rectocele, evidenced by
contrast retention within it at the end of evacua-

e

tion, is also thought to be important (HaLLiGAN and
BARTRAM 1995), and studies of patients with barium
trapping have shown that those who still exhibit the
phenomenon on post-toilet images have the most
significant rectoceles (GREENBERG et al. 2001).

It is likely that the aetiology is multifactorial.
Two main groups seem to emerge: those in whom
the rectovaginal septum has been damaged follow-
ing childbirth and those where the rectocele is pos-
sibly the consequence of chronic straining at stool
(the latter most likely due to a functional disorder
of evacuation). Surgery aims to restore rectovagi-
nal support, and postoperative proctography is able
to demonstrate technical success in most patients
(LoDER et al. 1996). However, symptomatic failure is
common (ARNOLD et al. 1990), possibly because any
underlying functional disorder is not treated. Con-
sequently, there has been considerable interest in us-
ing proctography not only for diagnosis, for which it
is the gold-standard test, but also to predict symp-
tomatic outcome. This has not been simple, and the
results are confusing. For example, whilst some have
found proctographic contrast retention within the
rectocele to reliably predict good symptomatic out-
come (MURTHY et al. 1996), others have not: a study
of 74 patients found no relationship between the size
of the rectocele and ability to evacuate, and surgical
outcome (VAN DAM et al. 2000). It seems likely that

Fig. 6.1.10a,b. Proctography during evacuation reveals a large anterior rectocoele in this woman. Contrast is retained in

the rectocoele after evacuation: “barium trapping”
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outcome is confounded by the presence or absence
of an underlying functional disorder, which is often
neglected once attention has been drawn towards a
large rectocele. For example, a study of 41 patients
with difficult evacuation initially ascribed to recto-
celefound underlying functional disorderin 29 (71%)
(JoHANSSON et al. 1992). Supporting this, surgery is
successful if a functional disorder has been excluded
preoperatively (TJANDRA et al. 1999). Indeed, behav-
ioural therapy (biofeedback) alone may ameliorate
symptoms (MIMURA et al. 2000). Because rectoceles
are commonest in middle-aged women, a plethora
of other factors may contribute to symptoms, in ad-
dition to the size of the rectocele itself (LAARHOVEN
etal. 1999). A recently introduced operation, stapled
transanal rectal resection (the STARR procedure),
treats rectoceles and intussusception by using a
circular stapling device that permits trans-anal
excision of redundant mucosa (GRASSI et al. 2005).
Again, the presence of a preoperative functional dis-
order seems to predict the persistence of symptoms
postoperatively (PECHLIVANIDES et al. 2007).

It should also be noted that rectoceles might also
rarely be posterior in position (Fig. 6.1.11). How-

ever, in contrast to the anterior type, these are not
due to a midline weakness. Rather, imaging in the
frontal plane reveals that they are literalised to one
side of the pelvic floor and are actually due to rectal
herniation through the levator plate musculature
(HALLIGAN 1994). Thus, a more correct term is prob-
ably ‘posterior perineal hernia’. In contrast to ante-
rior rectocele, men are equally as affected, and the
aetiology is most likely chronic straining (CAvaLLO
et al. 1993) or sometimes a penetrating injury to the
levator plate itself.

6.1.4.4
Functional Disorder

Ever since evacuation proctography first visualised
the dynamics of rectal evacuation, there has been
an understandable focus on perceived abnormali-
ties of rectal configuration, with many investigators
believing that these are responsible for obstructive
symptoms. However, despite that fact that constipa-
tion is often defined as an inability to evacuate, proc-
tographic estimates of the rate and completeness of

Fig. 6.1.11a,b. Posterior perineal hernia or “posterior rectocele”. The lateral proctogram during evacuation suggests a well-
defined posterior rectal wall bulge in this 50-year-old man. Screening in the AP position during straining reveals that the
bulge is a left-sided posterior perineal hernia
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rectal evacuation have received surprisingly little
attention, especially in the earlier literature. Rectal
evacuation is a functional event, requiring coordi-
nation between voluntary and involuntary nervous
pathways, and smooth and striated muscles. It has
long been recognised that some patients experience
difficulties with rectal evacuation simply because of
an inability to coordinate this necessarily complex
series of events. Given this, the configuration the
rectum adopts when emptying may be irrelevant if
the patient can empty without effort. Conversely,
abnormalities of rectal configuration actually can
occur secondary to prolonged and chronic straining
rather than as the primary cause of constipation.
Some patients cannot void without inappropri-
ate effort. This is often attributed to hard and bulky
stools, but some patients cannot evacuate their rec-
tum even when it is only full of fluid (ALSTRUP et
al. 1997). Why is this? Normally, striated pelvic floor
musculature is in a state of tonic contraction, and in
normal subjects this contraction is inhibited during
defecation so that the pelvic floor relaxes to allow
stool passage. Simultaneous electromyography of
pelvic floor musculature in constipated patients has
shown that some fail to relax their pelvic floor when
attempting to evacuate. Indeed, many inappropri-
ately contract their muscles above baseline levels:
a study of 15 constipated women revealed that the
puborectalis and external sphincter muscles con-
tracted forcefully when the subject attempted to
evacuate a rectal balloon, thereby preventing evacu-
ation (PREsTON and LENNARD-JoNES 1985). There
is therefore no primary structural abnormality as
such; rather there is a disorder of functional inte-
gration. This syndrome has been termed “anismus”
because it may be analogous to the type of muscular
spasm seen in vaginismus. Because the puborecta-
lis muscle is physiologically accessible, it was the
first muscle in which unexpected contraction dur-
ing evacuation was demonstrated, hence the alter-
native terms such as “non-relaxing puborectalis
syndrome” (FLESHMAN et al. 1992) and “paradoxi-
cal puborectalis contraction syndrome” (JoNEs et
al. 1987). Indeed, WASSERMAN (1964) first noticed
the role of this muscle in constipation in 1968 and
named it “puborectalis syndrome”. However, it is
increasingly recognised that the problem is unlikely
to be confined to a single muscle, and a more general
term such as “pelvic floor incoordination” may be
preferable since it does not identify any particular
muscular group or necessarily imply inappropri-
ate contraction (HALLIGAN and BARTRAM 1998).

The latter is important because some patients fail to
relax while straining, whereas others simply do not
strain and so fail to generate adequate intrarectal
pressure for evacuation to occur (HALLIGAN et al.
1995). In any event, the cause is a functional disor-
der, and the end result is the same: failure to evacu-
ate. The aetiology remains obscure, but anismus is
likely to be a learned inappropriate response. For
example, there is an association with pelvic surgery
and previous sexual abuse (LEROI 1995). Although
anismus can be found in both normal and inconti-
nent patients (JONES et al. 1987), and may disappear
when investigations are made away from the hospi-
tal environment (DUTHIE and BARTOLO 1992), there
is a clear association with constipation, and the di-
agnosis is worthwhile, not least because pelvic floor
behavioural therapy using biofeedback has been
very successful (BLEIJENBERG and KUIJPERs 1987).
This approach also avoids surgical treatment of sec-
ondary phenomena such as rectocele where this is
unnecessary.

Because the puborectalis was the first muscle
implicated, diagnosis has historically focussed on
demonstrating inappropriate puborectalis contrac-
tion during attempted evacuation. Using evacuation
proctography for diagnosis, workers have drawn
attention to the finding of a prominent puborec-
tal impression posterior to the anorectal junction
(Fig. 6.1.12). KupPerRs and BLEIJENBERG (1986)
suggested that the anorectal angle directly reflects
puborectalis activity after finding failure of the
anorectal angle to open in 12 patients subsequently
found to have paradoxical puborectalis contrac-
tion on electromyography. However, although sub-
sequently frequently cited as a sign of anismus,
more recent evidence suggests this finding is only
weakly associated with functional disorder: a proc-
tographic study of 24 patients with physiologically
proven anismus found that a prominent puborectal
impression and acute anorectal angle configuration
during attempted evacuation was unable to differ-
entiate patients from asymptomatic control subjects
(HALLIGAN et al. 1995). Supporting this observa-
tion, simultaneous proctography and puborectal
electromyography reveal no correlation between
muscular activity and anorectal junction configura-
tion (THORPE et al. 1993).

Instead, the major proctographic difference be-
tween patients with and without anismus is intui-
tively obvious; patients with anismus cannot easily
empty their rectum. Evacuation studies in normal
volunteers show that they can empty their rectum
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Fig. 6.1.12. Evacuation was very prolonged in this
woman, suggesting anismus. Note the posterior rectal
wall impression, presumed to be due to paradoxical
puborectalis contraction

rapidly and completely (KamM et al. 1989), whereas,
in complete contrast, patients with anismus exhibit
prolonged and incomplete evacuation, or indeed no
evacuation at all. The rate and completeness of rec-
tal evacuation are easily determined using evacu-
ation proctography (HALLIGAN et al. 1994), and it
seems sensible to base a proctographic diagnosis of
anismus on these. Using these criteria, HALLIGAN
and co-workers (1995) found abnormally prolonged
and/or incomplete contrast evacuation during proc-
tography in 20 of 24 patients (83%), whereas all
controls evacuated rapidly and completely. Further-
more, anorectal angle measurements were non-spe-
cific and not predictive. Moreover, when the authors
applied their findings prospectively to a continuous,
unselected group of constipated patients, the positive
predictive value of impaired proctographic evacua-
tion for subsequent diagnosis of anismus by physi-
ological criteria was in excess of 90% (HALLIGAN et
al. 2001). Using 120 cc of rectal contrast, evacuation
times greater than 30 s predict functional disorder
with precision (HALLIGAN et al. 2001). The time
taken to initiate anal canal opening and the rate of

evacuation are more sensitive for diagnosis than the
amount of contrast ultimately voided because most
patients, even those with severe anismus, will even-
tually empty their rectum fully if given enough time
to do so and if they can strain forcefully enough.
Proctography is equally as good as electromyog-
raphy for diagnosis of anismus (JoRGE et al. 1993).
There have also been attempts to use proctography
to determine who will benefit from subsequent bio-
feedback therapy, and these data imply that those
with moderate symptoms do better than those who
are severely affected (McKEE et al. 1999).

Anismus is characterised by chronic, excessive,
prolonged straining, a practice that probably weak-
ens the pelvic floor and encourages pelvic floor
descent, intussusception and prolapse. Because of
this, patients with anismus often have associated
structural pelvic floor abnormalities by the time
they come to be investigated (Fig. 6.1.13). It is highly
likely that many surgical disappointments happen
because an underlying diagnosis of anismus was
neglected preoperatively. For example, a study of
41 patients whose constipation had been ascribed
to rectocele found underlying anismus in 29 (71%)
(JorHANSssON et al. 1992), while another study found
anismus in 34 (60%) of 56 (MELLGREN et al. 1998).
The same may apply to intussusception; a procto-
graphic study of patients treated for intussuscep-
tion found that symptoms persisted if there was an
underlying functional disorder (ORROM et al. 1991).
Furthermore, a study of patients with solitary rec-
tal ulcer syndrome found that preoperative procto-
graphic features of impaired evacuation predicted
persistent postoperative symptoms in the face of
objective evidence that the prolapse itself had been
successfully treated (HALLIGAN et al. 1995). These
studies suggest that intussusception in some patients
may merely be an epiphenomenon. When prolonged
and incomplete contrast evacuation is encountered
during proctography, a diagnosis of functional pel-
vic floor incoordination should be considered, what-
ever the rectal configuration adopted. Supporting
this, a proctographic study of 58 constipated pa-
tients found that the only significant difference from
controls was a prolongation of evacuation time and
failure to fully empty the rectum, clearly suggesting
that functional measurements of emptying are more
important than changes in rectal configuration
(TurNBULL et al. 1988). It also seems that abnormal-
ities of rectal configuration occurring secondary to
incoordination do not prejudice the success of sub-
sequent behavioural therapy (LAu et al. 2000).
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Fig. 6.1.13. Evacuation proctography in this 39-year-old
woman reveals a large rectocoele, pelvic floor descent and
ballooning, and enterocele. However, evacuation was pro-
longed and subsequent physiological testing found anismus,
raising the possibility that the structural abnormalities dem-
onstrated by imaging merely reflect functional disorder

Summary

Although evacuation proctography has been prac-
ticed widely for several years, its clinical relevance
continues to be debated. While no one would ar-
gue against the pivotal role of endosonography for
characterising the cause of anal incontinence, the
positioning of proctography is less certain. Much of
this uncertainty derives from the excessive attention
that has been devoted to the detailed and complex
anatomical measurements that are possible during
the procedure, but which are ultimately unhelpful.
Any rectal configuration occurring during empty-
ing, other than that of a symmetrically collapsing
tube, has been considered abnormal in the face of
evidence to the contrary. The main value of proctog-
raphy lies with its ability to simultaneously diagnose
both structural and functional abnormalities and to
determine which is most likely to be relevant in each
individual case. Problems with interpretation most

often occur when anatomical findings are given un-
due emphasis. Generally, impaired evacuation raises
the possibility of a functional disorder, whatever
the rectal configuration, and biofeedback treatment
should be tried first: It is less invasive than surgery,
more likely to be effective, and does not preclude a
subsequent surgical option.

Proctography will probably always be contro-
versial because severely constipated patients are
very difficult to treat, not least because the precise
aetiology of their affliction frequently remains ob-
scure and patients’ perception of disability varies.
It is inevitable that constipated patients are a het-
erogeneous group with multifactorial causes. What
is the value, therefore, of evacuation proctography
to clinicians faced with a constipated patient? Some
workers have attempted to assess the clinical impact
of proctography (HILTUNEN et al. 1994; OTT et al.
1994), but these studies have attracted fierce criti-
cism from advocates of the technique (KELVIN et al.
1995; HALLIGAN 1995). Evaluation of imaging tech-
niques is fraught with difficulty, especially when
the effects of treatment are included in assessment
of outcomes and so confound the results. This espe-
cially disadvantages proctography, because consti-
pation treatment for functional disorders is so often
ineffective.

As stated in the introduction to this chapter, the
main role of proctography is to place patients into
clinically defined groups, and the utility of proc-
tography may be better assessed via its impact on
clinical decision making. With this in mind, a pro-
spective study of 50 consecutive patients referred for
evacuation proctography sought to determine the ef-
fect of imaging on clinical understanding and man-
agement: Using a pre- and post-intervention design,
the authors found that evacuation proctography had
considerable diagnostic and therapeutic effect and
significantly increased the diagnostic confidence of
referring physicians (HARVEY et al. 1999). Indeed,
44 of 47 (94%) requesting clinicians generally found
proctography to be of ‘major’ or ‘moderate’ benefit to
their clinical decision making (HARVEY et al. 1999).

Presently, there is a trend towards expanding the
basic proctographic examination to encompass the
entire pelvic floor (KELvVIN and MAGLINTE 1997),
an approach that probably has most appeal to the
urogynaecologic patient (LIENEMANN et al. 1997)
and which is discussed in detail in Chapter 4.1. Dy-
namic pelvic MR imaging (Chap. 4.2) has also been
specifically employed to image constipated patients
(HEALEY et al. 1997). Ultimately, for the reasons de-
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scribed above, evaluation of rectal evacuation will
remain central to meaningful clinical assessment.
Although this can be performed in the supine posi-
tion, it is often a difficult and messy procedure, and
few investigators have access to the more practical
vertical configuration machines (SCHOENBERGER et
al. 1998). It is also clear that, like conventional proc-
tography, MR imaging also reveals supposed abnor-
malities in asymptomatic subjects (GoH et al. 2000).
While MR imaging undoubtedly warrants further
investigation, the anatomical possibilities offered
should not detract from the diagnosis of underlying
functional problems in the constipated patient.
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Introduction

Fecal incontinence (FI) is generally caused by al-
tered bowel habit, predominantly diarrhoea, with
or without pelvic floor dysfunction. Appropriate
testing for diseases causing FI (e.g., spinal imag-
ing for patients with suspected spinal cord lesions)
should be guided by the clinical features. Similarly,
changes in bowel habit should be investigated using
conventional techniques (e.g., endoscopy, serologi-
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cal testing for celiac sprue, stool studies, breath tests
for carbohydrate intolerance etc) dependent on the
patient’s age and the clinical presentation.

This chapter will focus on the assessment of
those anorectal functions responsible for maintain-
ing continence. There is considerable evidence that
investigations of anorectal structure and function
complement but do not replace thorough clinical as-
sessment in the evaluation and management of FI.
Anal manometry, assessment of rectal sensation, and
endoanal imaging, either by ultrasound or MRI, are
useful initial investigations in most ambulatory pa-
tients with significant symptoms (BHARUCHA 2003).
Additional tests, e.g., anal sphincter electromyogra-
phy (EMG), evaluation of pelvic floor motion by dy-
namic MRI or barium defecography, and assessment
of rectal compliance and sensation by a barostat are
also useful for understanding the pathophysiologyin
selected patients with FI (BHARUCHA et al. 2005a).

Tests of Function

6.2.2.1
Anal Manometry

Measurement

Anal manometry is best conducted in a laboratory
with the necessary technical and interpretative ex-
pertise. At a minimum, anal resting and squeeze
pressure, and the recto-anal inhibitory reflex
should be assessed during manometry (Fig. 6.2.1),
(Sect. 4.8.3). Recto-anal pressure changes during
straining, stimulating defecation, should also be
assessed when an evacuation disorder is suspected.
Indeed, in one series, 18% of patients with fecal in-
continence also had features of a rectal evacuation
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Fig. 6.2.1. Anal sphincter pressures assessed on 3 separate occasions by 4 circumferentially oriented transducers stationed
at 1 cm from the anal verge; transducers were located in separate quadrants. The maximum squeeze pressure is the highest
pressure recorded by all 4 transducers during one of 3 maneuvers; the average squeeze pressure is calculated by averag-
ing pressures across all 4 maneuvers. In this example, resting and squeeze pressures were comparable in all 4 quadrants.
(Reproduced with permission from BHARUCHA (2004) Outcome measures for fecal incontinence: Anorectal structure and

function. Gastroenterology 126:590-598)

disorder (BHARUCHA et al. 2005a). Techniques for
conducting and analyzing anorectal manometry are
not standardized, and have been discussed in detail
elsewhere (Rao et al. 2002; BHARUCHA et al. 2004)
(Sect. 4.8.3). Salient considerations are as follows:
a) Recording System. The manometric catheter
assembly includes a rectal balloon and pressure
transducers located in the anal canal. Water-per-
fused sensors are considerably cheaper and are
probably comparable to solid-state manometry
for measuring anal pressures. With the advent of
anal endosonography, vector manometry is no
longer used for identifying anal sphincter defects.
High-resolution manometry uses closely-spaced
solid-state sensors to simultaneously measure
circumferential pressures in the rectum and
throughout the anal canal, obviating the need to
perform a station pull-through manoeuvre, which
is relatively cumbersome and time consuming.
This technique permits 16 circumferential chan-
nels to be positioned at one level to provide mea-

surements that are not affected by circumferential
asymmetry (Fig. 6.2.2). Anal pressures measured
by high-resolution manometry have been signifi-
cantly correlated to traditional manometry (JONES
et al. 2007). However, normal values for anal pres-
sures measured by high resolution manometry are
unavailable and further studies are necessary to
determine if high-resolution manometry is supe-
rior to conventional manometry for understand-
ing rectoanal dysfunctions.

b) Measurement Technique. As described in Section

4.8.3, with traditional (i.e., not high resolution)
catheters, anal resting, and squeeze pressures are
measured while the transducer is gradually with-
drawn in 0.5 or 1-cm steps from the anal verge
to the rectum. Pressures are measured when the
transducer is stationary; the station pull-through
procedure avoids the artefact induced by reflex
anal sphincter contraction during a rapid pull-
through procedure. Anal pressures should pref-
erably be calculated by averaging all four quad-
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Fig. 6.2.2a,b. Comparison of anal pressures at rest, during squeeze, and during simulated evacuation recorded by high reso-
lution manometry in a healthy subject (a) and a woman with fecal incontinence (b). Each figure depicts pressures recorded
by 12 sensors. The far right cartoon shows these sensors, 10 of which are evenly distributed in the distal rectum and anal
canal at 0.6 cm intervals, and 2 of which are located in the more proximally located rectal balloon. Each panel shows only 1
(of 3) squeeze manoeuvres for clarity and 3 (a) or 2 (b) manoeuvres with simulated defecation. a shows normal anal resting
(68 mmHg) and squeeze pressures (127 mmHg); the squeeze response was sustained for 20 seconds. Defecatory mechanisms
were assessed during 3 maneuvers with the rectal balloon inflated to 0, 50 mL, and 100 mL, with this subject reporting ur-
gency after the 50 mL distension. Consequently, it is during only the 3" maneuver that the rectal pressure (107 mmHg) was
higher than the anal pressure (79 mmHg), providing the gradient necessary for rectal evacuation. In the patient with fecal
incontinence (b), the anal canal was shorter (2.6 cm) and anal resting (50 mmHg) and squeeze pressures (58 mmHg) were
lower. There was a positive recto-anal pressure gradient during defecation

rants to account for anal sphincter asymmetry.
Variations in patient effort also need to be taken
into account. Resting pressures are probably less
susceptible to artefact than are squeeze pressures.
Squeeze pressure should be measured by asking
patients to squeeze (i.e., contract) the sphincter

for at least 30 seconds, and to average pressure
over this duration. Defecation is normally accom-
panied by increased intra-rectal pressure and anal
relaxation (Rao and PATEL 1997).

¢) Normal ranges. Since anal pressures are affected
by age, gender, and technique, measurements ide-
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ally should be compared against normal values
obtained in age- and gender-matched subjects by
the same technique (DIAMANT et al. 1999; Rao et
al. 1999), although typical values are as described
in section 4.8.3. Both anal resting and squeeze
pressures decline with age, even in asymptomatic
people (BANNISTER et al. 1987; Fox et al. 2006).

Clinical Utility

Anal resting and squeeze pressures are frequently
reduced in fecal incontinence (FI) (SuN et al. 1992;
BHARUCHA et al. 2005a). The pattern of anorectal
sensorimotor dysfunctions depends on the underly-
ing disorder (Table 6.2.1). There is a modest, statis-
tically significant correlation between anal resting
and squeeze tone assessed by digital examination
and by manometry in healthy subjects and in FI
(HALLAN et al. 1989). Experienced and meticulous

clinicians can probably accurately gauge anal rest-
ing pressures and contraction of the puborectalis
muscle in patients with normal or markedly abnor-
mal (i.e., reduced or increased) function. Some ques-
tion therefore, if manometry is necessary. However,
in addition to quantifying pressures as a continuous
rather than a discrete (i.e., normal, reduced, or in-
creased) variable, manometry is probably more ac-
curate than a digital examination for (i) identifying
minor abnormalities in anal pressures, (ii) measur-
ing anal pressures when the clinical examination is
painful, e.g., in patients with an anal fissure (JoNES
et al. 2005), and (iii) identifying increased anal
pressures with impaired sphincteric relaxation in
a subset of patients, predominantly men, with fecal
seepage (Rao et al. 2004b). Though the puborectalis
“lift” can be readily discerned by a clinical exami-
nation, it is more difficult to appreciate contraction

Table 6.2.1. Anorectal Sensori-Motor Disturbances in Fecal Incontinence. Reprinted with permission from BHARUCHA
(2003) Fecal Incontinence. Gastroenterology 124(6):1672-1685

Etiological Factor Anal Threshold for Threshold for Rectal Rectal Pelvic
sphincter internal external sensation® compliance floor
pressure sphincter sphincter function

relaxation contraction

“Idiopathic” s \: { dor? { J

Diabetes mellitus R > 0 A R NA

(CARUANA et al. 1991) s

Multiple sclerosis R & N T R <~ NA

(CARUANA et al. 1991) s

Elderly patients with fecal R 3 0 J NA \’

impaction and incontinence S

(READ and ABOUZEKRY 1986)

Acute radiation proctitis R i; NA NA <~ J NA

(YEOH et al. 1998) s

Chronic radiation injury NA NA NA ) 2 NA

(VARMA et al. 1985)

Ulcerative colitis s 4 NA 0 d NA

(DENis et al. 1979; incontinent (active (active (active

Rao et al. 1987) patients colitis only) colitis only)  colitis only)

Spinal cord injury - high R 2
spinal lesion, i.e. T12 or higher S {
(Sun et al. 1990a)

Low spinal lesion, RY; <~
i.e. below T12 s

YRS ) d NA

Information pertains to patients with underlying disease and fecal incontinence.
1 = Increased; 1 = decreased; <> = no change; R = resting, S = squeeze sphincter pressure, NA = not available
@ Rectal sensation expressed as volume thresholds for perception; T sensation indicates volume threshold for perception

was lower compared to normals
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of the external sphincter. Moreover, because anal
pressures decline with age even in asymptomatic
subjects, it can be challenging to gauge if anal tone
is normal or reduced in older people by a digital
examination alone. However, even among patients
with weak or normal anal pressures, additional fac-
tors (e.g., diarrhoea, disturbances of rectal compli-
ance and/or sensation) may also contribute to FI.
The effects of biofeedback therapy on anal resting
and squeeze pressures are reported to be small and
inconsistent and do not correlate with symptom im-
provement (BHARUCHA 2004).

Anorectal testing may also reveal features of a
functional rectal evacuation disorder, i.e., impaired
relaxation or paradoxical contraction of the anal
sphincter (i.e., dyssynergia) or inadequate augmen-
tation of rectal pressure (i.e., inadequate propul-
sive forces) during simulated evacuation (Rao et
al. 1998). However, it is important to recognize that
anorectal manometry is conducted in the horizontal
position. In addition, because expulsion efforts do
not mimic the recto-colonic coordination or stool
delivery present in normal defecation, manometry
may over diagnose dyssynergia. Moreover, the anal
sphincter or puborectalis may not relax during
defecation in up to 20% of asymptomatic subjects
(VODERHOLZER et al. 1997).

6.2.2.2
Rectal Balloon Expulsion

Measurement

The rectal balloon expulsion test can be conducted
in a physician’s office. The patient’s ability to expel a
water-filled balloon while seated on a commode in a
private setting is assessed. Normal expulsion occurs
within 60 seconds. The balloon may be inflated by a
fixed volume, typically 50 mL (Rao et al. 2002), or
alternatively until the patient experiences the desire
to defecate (MINGUEZ et al. 2004). The test may also
be conducted in the left lateral decubitus position,
wherein a rectal balloon is connected over a pulley
to weights, which provide external traction when
necessary to facilitate rectal balloon expulsion.
(BARNES and LENNARD-JONES 1985; BHARUCHA et
al. 2005b). In the author’s laboratory, subjects with
normal rectoanal expulsion can expel the balloon
spontaneously or aided by external traction of up
to 100 gm. Patients with pelvic floor dysfunction
require more external traction to expel a rectal
balloon.

Clinical Utility

The balloon expulsion test is a useful screening
test for a functional defecation disorder, but it does
not define the mechanism of disordered evacuation
(MINGUEZ et al. 2004). Because the balloon may not
mimic the patients’ stool, patients with convincing
symptoms together with manometric and radiologi-
cal evidence of a functional defecation disorder may
have normal balloon expulsion. Conversely, a nor-
mal balloon expulsion study does not always exclude
a functional defecation disorder (Rao et al. 2004a).

6.2.2.3
Rectal and Anal Sensation

Measurement

(See also Sect. 4.8.4, 4.8.5). Most anorectal laborato-
ries assess rectal sensation by progressively distend-
ing a latex balloon manually. Research studies and
some clinical laboratories assess rectal sensation by
distending a polyethylene balloon with a barostat.
Thresholds for first perception, desire to defecate,
and severe urgency are measured during disten-
sion (WHITEHEAD and PALssON 1998). Because age
(BANNISTER et al. 1987; Fox et al. 2006), and the rate
and pattern of distension affect rectal perception
(Sun et al. 1990c), results from different laboratories
may not be comparable. Table 6.2.2 lists studies in
which rectal sensory thresholds were studied in > 20
asymptomatic subjects and in which 95% confidence
intervals for sensory thresholds could be estimated.
These data indicate that 95% confidence intervals
for sensory thresholds in asymptomatic subjects are
relatively wide. A barostat permits more controlled
distension compared to manual techniques. More-
over, balloon pressure and volume can be measured
during distension, thereby assessing pressure/vol-
ume relationships (Law et al. 2001; BHARUCHA et
al. 2001). Anal sensation is assessed by determining
the threshold for perception of an electrical stimulus
or temperature change in the anal canal (SALvIOLI
et al. 2001). Assessments of anal temperature sensa-
tion are of uncertain significance and are largely
investigational.

Clinical Utility

Thresholds for rectal sensation may be normal, re-
duced, orincreased in FI (SuN etal. 1992; BHARUCHA
et al. 2005a). When rectal sensation is reduced, stool
may leak before the external sphincter contracts
(Buser and MINER 1986; SUN et al. 1990b). Sensory
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Table 6.2.2. Rectal Sensory Thresholds Measured by a Latex Balloon. Reproduced with permission from BHARUCHA (2006a)
Update of tests of colon and rectal structure and function. J Clin Gastroenterol 40(2):96-103

First Author

Number (Age range)

Bannister 48 younger
(BANNISTER et al. 1987) (19-55 years) and
37 elderly subjects

(66-87 years)

75 women
(20-83 years)

Ryhammer
(RYHAMMER et al. 1997)

Rao
(Rao et al. 1999)

45 subjects
(20-70 years)

Sloots
(Sroors et al. 2000)

28 subjects
(age 22-67 years)

Bharucha
(BHARUCHA et al. 2005b)

41 subjects
(age 23-69 years)

Method of Inflation

Manual inflation by air in 50 mL
increments with 1 minute rest in
between increments

Inflated with water @ 50 mL/minute
by a pump.

Manual inflation by 10, 20, 30, 40, 60,
80, 110, 140, 170, 200, 240, 280, and
320 mL air for 1 minute with 2 min-
utes rest in between inflations

Inflated with water @ 50 mL/minute
by a pump®

Manual inflation with air @ 20 mL/5
seconds.

Mean (95% CI) Thresholds
in mL for women

2FS - ~100% by 100 mL
DD - 100% by 175 mL

FS - 71 (24, 213)
DD - 117 (47, 294)
Urge - 170 (78, 371)

FS - 19 (15, 23)

DD - 103 (83, 123)
Urge - 173 (150, 196)
MTYV - 230 (205, 255)

FS - 102 (75, 129)
Urg - 159 (126, 191)
MTV - 239 (202, 276)

FS - 46 (14, 87)
DD - 89 (38, 172)
Urg - 166 (90, 300)

Abbreviations - FS - first sensation; DD - Desire to defecate; Urg - Rectal urgency; MTV - Maximum tolerated volume
a These are thresholds for all subjects (i.e., men and women) in this study

b Rectal sensation was also assessed by a barostat in this study

retraining can restore coordinated contraction of
the external sphincter and improve fecal continence
(WaLp and TUNUGUNTLA 1984; BUSER and MINER
1986). However patients require at least some rectal
perception to benefit from sensory retraining. In un-
controlled studies, preserved rectal sensation before
biofeedback therapy and improved sensation after
biofeedback therapy predicted improved continence
(CHIARIONI et al. 2002). Conversely, some inconti-
nent patients have exaggerated rectal sensation, per-
haps resulting from rectal hypersensitivity and/or
reduced rectal capacity (Sect. 6.2.2.4) (BHARUCHA
et al. 2005a).

6.2.2.4
Rectal Compliance and Capacity

Measurement

Compliance is measured by assessing rectal pres-
sure-volume relationships, either by manually in-
flating a latex balloon inside the rectum with air
or water or by distending a highly compliant poly-
ethylene balloon with a barostat (Fig. 6.2.3). The
barostat technique is preferable because the rate

of distension is controlled and because a polyeth-
ylene balloon is infinitely compliant. Patients are
examined in a semi-prone position to reduce pelvic
hydrostatic pressure. An initial or “conditioning”
distension ensures that subsequent measurements
of rectal compliance and sensory thresholds are
reproducible. Pressure-volume relationships reflect
passive properties (i.e., connective tissue), muscle
tone (i.e., “static” properties), and phasic responses
to distension (i.e., “dynamic” properties). It is un-
clear if pressure-volume relationships are affected
by structures extrinsic to the rectum. When balloon
pressure and volume are allowed to equilibrate at
intervening steps, the contractile response induced
by distension subsides. Under these circumstances,
compliance (i.e., passive properties and tone) can
be characterized. The pressure-volume ratio at dif-
ferent distension thresholds is an incomplete index
of “compliance” compared to the entire pressure-
volume curve.

Clinical Utility

Reduced compliance may cause symptoms of rec-
tal urgency and frequent defecation in diarrhoea-
predominant irritable bowel syndrome, ulcerative
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polyethylene
balloon

Fig. 6.2.3. A rectal barostat assembly. A highly compliant
polyethylene balloon is inflated by a barostat, which moni-
tors intra-balloon pressure and volume. (Reproduced with
permission from BHARUCHA (2004) Outcome measures for
fecal incontinence: Anorectal structure and function. Gas-
troenterology 126:590-598)

colitis, or radiation injury. The rectal capacity, (i.e.,
the balloon volume at the maximum imposed pres-
sure), is also reduced in a subset of women with
idiopathic FI (BHARUCHA et al. 2005a; ANDREWS
et al. 2007). Moreover, reduced rectal capacity was
associated with the symptom of urgency and with
rectal hypersensitivity in FI (Fig. 6.2.4) (BHARUCHA
etal. 2005a; DEUTEKOM et al. 2007). This association
between reduced rectal capacity or compliance and
rectal hypersensitivity has been confirmed by other
studies (CHAN et al. 2005; SIPROUDHIS et al. 2005).
Reduced rectal adaptation to distension is particu-
larly significant for patients with FI and normal anal
pressures (SIPROUDHIS et al. 1999).

6.2.2.5
Pudendal Nerve Terminal Motor Latency
(PNTML)

Measurement

(Sect. 4.8.3.3). PNTML are used to identify pudendal
nerve injury and to ascertain if anal sphincter weak-
ness is attributable to pudendal nerve injury, anal
sphincter injury, or both (D1aAMANT et al. 1999). The
index finger is covered by a glove containing stimu-
lating and recording electrodes that stimulate the

Anal Control

ManometryWWwWMw
A__A

Pressure
Staircase distention Ramp distentions

Rectal v v

Volume

Rectal
Sensation |
L 1

30 minutes

FI
MWJWWWW[SO

0 mmHg

M[ N
0 mmHg

200

0Oml

A

Fig. 6.2.4. Anorectal motility and symptoms during rectal distension in a control subject (left panel) and in FI (right panel).
Features in FI include (i) smaller rectal capacity [i.e., maximum rectal volume (*)] and lower compliance (i.e., rate of change
in volume) during staircase distension; (ii) higher rectal pressures during ramp distensions from 0-200 mL at 50, 25, and
100 mL/minute (indicated by arrows); and (iii) rectal hypersensitivity. During rectal distensions, the patient with FI pressed
the event marker atlower rectal pressures and/or volumes and kept the event marker pressed for longer durations, indicating
more prolonged sensation. Also, observe lower anal resting pressure and less anal relaxation during rectal distension in FI.
(ANDREWS et al. (2007) Rectal sensorimotor dysfunction in women with fecal incontinence. Am J Physiol Gastrointest Liver

Physiol 292:G282-289, used with permission)
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nerve as the nerve travels around the pelvic brim.
Measuring the shortest latency between stimulus
delivery and recording is critically dependent on
ensuring that the examining finger in close proxim-
ity to the nerve. In theory, delayed latencies indicate
pudendal neuropathy.

Clinical Utility

Initial studies suggested that patients with pudendal
neuropathy do not fare as well as patients without
neuropathy after surgical repair of sphincter defects.
However, the utility of PNTML to ascertain pudendal
neuropathy has been challenged on several grounds.
Since PNTML measures only the fastest conducting
fibers in the pudendal nerve, nerve latencies may be
normal even if only a few normally conducting fibers
remain (under diagnosis). Normative data for this test
are also inadequate. The reproducibility of the test
between different examiners, or on different days, is
unknown. The sensitivity and specificity of the test
are uncertain (in one study, approximately 50% of pa-
tients with prolonged PNTML had normal anal canal
squeeze pressures) (WEXNER et al. 1991). In contrast
to earlier studies, more recent studies suggest the test
does not predict improvement, or the lack of improve-
ment, after surgical repair of anal sphincter defects
(MALOUE et al. 2000). A position statement issued by
the American Gastroenterological Association (AGA)
recommended that PNTML should not be used in the
evaluation of FI (DIAMANT et al. 1999).

6.2.2.6
Needle Electromyography (EMG)
of the External Sphincter

Introduction

(Section 4.8.3.2) EMG provides a sensitive measure of
denervation (fibrillation potentials) and can usually
identify myopathic damage (small polyphasic motor
unit potentials), neurogenic damage (large polyphasic
motor unit potentials), or mixed injury (Fig. 6.2.5).

Methods

Each side of the external anal sphincter (EAS) is
examined with 1 or 2 concentric needle insertions
(BHARUCHA et al. 2005a). The puborectalis muscle
is examined by inserting a needle in the midline
between the anus and tip of the coccyx, passing it
through the EAS and into the deeper puborecta-
lis. Insertional activity at rest, motor unit potential
amplitude and duration, percent polyphasia, and

recruitment following mild to moderate voluntary
muscle contraction are assessed.

Clinical Utility

Anal EMG should be considered in patients with
clinically suspected neurogenic sphincter weak-
ness, particularly if there are features suggestive of
proximal (i.e. sacral root) involvement. Neurogenic
changes isolated to the external anal sphincter may
be caused by injury at any level along the lower mo-
tor neuron, i.e. from motor neurons in the sacral
spinal cord to the nerve fascicles entering the anal
sphincter (e.g., caused by local, or obstetric trauma).
Therefore, a pudendal neuropathy can be diagnosed
with certainty only when neurogenic changes af-
fect the anal sphincter and ischiocavernosus muscle.
Needle EMG of the puborectalis can be used to dis-
tinguish disorders that affect this muscle and the

Fig. 6.2.5. Representative examples of a normal motor unit
(upper panel) and an abnormal motor unit (lower panel).
The upper panel depicts an average of several superimposed
similar motor units, which are shown in the lower panel.
In contrast to the normal motor unit, the polyphasic motor
unit, recorded in a patient with fecal incontinence, is larger,
longer, and has more phases, indicative of neurogenic injury.
Reprint with permission from BHARUCHA (2006a) Update
of Tests of Colon and Rectal Structure and Function. J Clin
Gastroenterol 40(2):96-103. (Reproduced with permission
from BHARUCHA (2006) Update of tests of colon and rectal
structure and function. ] Clin Gastroenterol 40(2)96-103)




Investigation of Fecal Incontinence

237

external sphincter muscle selectively or in combi-
nation (BARTOLO et al. 1983). When performed by
an experienced professional, EMG is not associated
with severe discomfort. However the utility of anal
EMG versus an alternative approach (i.e., imaging
the lumbosacral spinal cord) needs to be assessed.
Anal EMG predicted the response to sacral nerve
stimulation in FI (ALTOMARE et al. 2004).

Tests of Structure

6.2.3.1
Endoanal Ultrasound (EUS)

Introduction

Endoanal ultrasound is widely used to identify anal
sphincter injury (i.e., defects, scars, or atrophy)
and anal fistulae. The technique is filly described
in Chapter 4.4.

Clinical Utility

EUS identifies anal sphincter thinning and defects
which are often clinically unrecognized and may
be amenable to surgical repair (STOKER et al. 2001)
(Fig. 6.2.6). Whereas endoanal ultrasound reliably
identifies anatomic defects or thinning of the in-
ternal sphincter, interpretation of external sphinc-
ter images is much more subjective, operator-de-

pendent, and confounded by normal anatomical
variations in the external sphincter (BARTRAM and
SULTAN 1995). Substantial interobserver variability
has been reported. Both the external sphincter and
perirectal fat are echogenic and may be indistin-
guishable, which can preclude accurate character-
ization of external sphincter thickness and identifi-
cation of external sphincter atrophy. As described in
Chapter 4.4, the asymmetry of the external sphinc-
ter — often in the upper anal canal and particularly
in women needs to be recognized so as not to impair
discrimination of normal variation from sphincter
defects.

Tests of Structure and Function

6.2.4.1
Dynamic Proctography (Defecography)

Introduction

During dynamic proctography, anorectal anatomy
and pelvic floor motion are recorded with the patient
at rest, coughing, squeezing, and straining to expel
barium from the rectum. The anorectal angle and
position of the anorectal junction are tracked during
these manoeuvres as well as retention and evacua-
tion of contrast material (Fig. 6.2.7). (The technique
is fully described in Chap. 4, Sect. 4.1.2).

Fig. 6.2.6. Endoanal fast spin-echo T2-weighted (left panel) and spin-echo T1-weighted (center panel) MR images demon-
strate marked atrophy of the external anal sphincter (arrowheads) in a 75-year-old incontinent patient, making the internal
anal longitudinal muscle prominent (black arrows). Corresponding endoanal ultrasound images (right panel) identified
patchy thinning of the internal sphincter also seen on the MR images (white arrows), but not external sphincter atrophy.
(Reproduced with permission from BHARUCHA et al. (2005) Relationship between symptoms and disordered continence
mechanisms in women with idiopathic fecal incontinence. Gut 54:546-555)
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Rest

Squeeze

Evaculation

Fig. 6.2.7. Anorectal images at rest, squeeze, and evacuation in a patient with symptoms of difficult defecation. During
squeeze, the puborectalis indentation (black arrow) was more prominent and the anorectal junction was elevated by 2 cm.
Perineal motion was measured by markings on the commode at 1 cm intervals. Evacuation was associated with reduced
perineal descent (1 cm), a rectocoele, and incomplete relaxation of the puborectalis/anal sphincters, which resulted in in-
ability to expel rectal barium despite prolonged straining. (Reproduced with permission from BHARUCHA (2006) Update of
tests of colon and rectal structure and function. J Clin Gastroenterol 40(2):96-103)

Methods

The methods for conducting and in particular inter-
preting evacuation proctography are incompletely
standardized (D1AMANT et al. 1999). Though the
test is generally conducted with liquid barium, a
thick barium paste (Anatrast™, E-Z-EM, Westbury,
NY) is probably preferable to liquid barium, par-
ticularly for incontinent patients. Anorectal descent
is measured with reference to the pubococcygeal
line. However, because the bony landmarks of this
line (i.e., pubis, sacrococcygeal junction) may not be
visualized in the same image as the anorectum, ano-
rectal descent during manoeuvres is often measured
with reference to the commode (see Sect. 4.1.3.1).
Thus, the inter-observer reproducibility for defecog-
raphy is good for some (e.g., rectococele, entero-
coele) findings but may be suboptimal for others
(e.g., intussusceptions, anorectal angle measure-
ments, puborectalis impression) (DIAMANT et al.
1999; DOBBEN et al. 2005), partly because there is
no consensus on whether the rectal axis should be
drawn through the anterior, central, or posterior
wall.

Clinical Utility
Prior to dynamic MR imaging, dynamic proctogra-
phy was the only modality for identifying excessive

perineal descent, internal rectal intussusceptions,
rectoceles, sigmoidoceles, or enteroceles; puborec-
talis dysfunction during squeeze and evacuation can
alsobecharacterized (SHORVON etal. 1989; AGACHAN
et al. 1996) (Chap. 6.1) Clinical use of evacuation
proctography to assess evacuation disorders is how-
ever variable amongst different institutions across
the world perhaps because the technique is partially
standardized, and in some instances radiologists are
not particularly enthusiastic about doing the test.
In experienced hands anorectal manometry and
balloon expulsion generally suffice to diagnose or
exclude a functional disorder of defecation. Despite
some limitations, dynamic proctography may be
useful when the results of routine diagnostic tests
(i.e., anal manometry, rectal balloon expulsion) are
inconsistent, or conflict with the clinical diagnosis
in constipated patients, and also in selected inconti-
nent patients, particularly prior to surgery. Dynamic
proctography may be particularly useful when there
is a high index of suspicion for excessive perineal
descent, a significant rectocele (e.g., in patients
who splint the vagina to facilitate rectal emptying),
an enterocele, or internal rectal intussusceptions.
These findings may also help educate patients about
the nature of the disorder and reinforce the need for
treatment (e.g., pelvic floor retraining).
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6.2.4.2
Pelvic MRI

Anatomy and Physiology

Pelvic MRI is the only imaging modality that can
visualize both anal sphincter anatomy and global
pelvic floor motion (anterior, middle, and posterior
compartments) in real-time without radiation ex-
posure (FLETCHER et al. 2003). This topic is detailed
in Chapter 4.2; only salient points will be repeated
here.

Methods

The sphincters can be imaged by an endoanal coil
or by phased-array imaging. Pelvic floor motion
can be visualized by dynamic imaging (i.e., image
acquisition every 1.4 to 2 seconds) in the desired
cross-sectional plane while patients squeeze their
pelvic floor muscles, evacuate ultrasound gel from
the rectum, and do a Valsalva maneuver. The exam
can be performed using conventional, closed-con-
figuration MR systems, as there is little difference
in the detection of clinically relevant findings be-
tween supine MR and seated MR using open-config-
uration magnets, excluding rectal intussusceptions
(BERTSCHINGER et al. 2002).

Clinical Utility

Although there is disagreement about which tech-
nique is superior for evaluating the internal anal
sphincter, in experienced hands MR is equivalent
to, or better than ultrasound for assessing the exter-
nal sphincter (MALOUF et al. 2001). Endoanal MRI,
but not EUS revealed external sphincter atrophy,
in 20% of women with idiopathic FI but not in as-
ymptomatic, age-matched controls (BHARUCHA et
al. 2005a). In another study, 60% of patients with
FI had some atrophy of the external sphincter and
20% had significant atrophy (TERRA et al. 2006).
External sphincter atrophy was associated with age,
female gender, and weaker maximal squeeze pres-
sures. The clinical significance of external sphincter
atrophy is unclear, it may predict patients who are
less likely to fare well after repair of external sphinc-
ter defects (BRIEL et al. 1999; DOBBEN et al. 2007).
Endoanal MRI also may reveal puborectalis atrophy
in FI (BHARUCHA et al. 2005a).

Dynamic MR imaging provides an appreciation
of global pelvic floor motion visualizing the blad-
der and genital organs as well as the rectum. Dy-
namic MRI avoids some of the limitations of barium
defecography when assessing pelvic floor motion

(D1AMANT et al. 1999) and is also useful in selected
patients with fecal incontinence, e.g., in patients clin-
ically suspected to have increased perineal descent
or a rectocele (STOKER et al. 2001). Dynamic MRI is
probably more accurate than a clinical examination
for quantifying perineal descent (BHARUCHA et al.
2005b).

Anorectal Testing: Utility and Caveats

Several studies have shown that anorectal testing is
useful in patients with FI (LIBERMAN et al. 2001).
It may provide additional diagnostic information
over and above clinical assessment in 19% to 98% of
patients (Tables 6.2.3 and 6.2.4), and influences and
specifically alters the management plan in 75-84%
and 10-19% respectively. These studies evaluated
the utility of anal manometry, endoanal ultrasound,
and pudendal nerve terminal motor latency but did
not assess the utility of MRI nor anal sphincter elec-
tromyography in FI.

However, there are several caveats to diagnostic
testing in FI.

Firstly, these tests are not widely available and
are most useful when they are conducted using ap-
propriate techniques and interpreted in full clinical
context. For example, there are several nuances to
conducting and interpreting anal pressures mea-
sured by manometry. Because anal pressures are
affected by age, gender, and the measurement tech-
nique, they should be compared against normal
values obtained in age- and gender-matched sub-
jects by the same technique (D1AMANT et al. 1999).
The interpretation of ultrasound images of the anal
sphincter can be challenging because the normal ex-
ternal anal sphincter may be asymmetric, limiting
identification of sphincter defects.

Secondly, the range of diagnostic testing should
be individualized and guided by a variety of factors
i.e,, the patient’s age, symptom severity, bowel habit,
response to conservative measures (e.g., regula-
tion of bowel habits by anti-diarrhoeal agents), and
planned therapeutic interventions.

Thirdly, most patients with FI tolerate anorectal
testingreasonably well. Arecentstudyevaluated pain,
embarrassment, discomfort, and anxiety by separate
5-point Likert scales ranging from 1 (i.e., “none”) to
5 (i.e., “extreme”) in 211 patients with fecal inconti-
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Table 6.2.3. Assessment of Anorectal Functions by Clinical Assessment and Diagnostic Testing. Reprinted with permission
from BHARUCHA (2006) Anorectal manometry and imaging are necessary in patients with fecal incontinence. [Editorial]
Am ] Gastroenterol 101(12):2679-2681

Parameter Clinical Examination vs Diagnostic Testing

Anal Resting and Squeeze Pressures Manometry is more precise than a clinical examination (HALLAN et al. 1989)

Anal Structural Injury Imaging is more sensitive than a clinical exam for identifying sphincter defects and

can also characterize location and nature (e.g., defect, atrophy) of sphincter injury
Neurogenic sphincter injury Location and severity only identifiable by anal EMG
Rectal sensation and compliance Can be assessed by rectal balloon distention only

Pelvic floor motion Clinical assessment is reasonably correlated to pelvic MRI (BHARUCHA et al. 2005b)

Table 6.2.4. Impact of Diagnostic Testing on Management in Fecal Incontinence. Reprinted with permission from Bharucha
(2006) Anorectal manometry and imaging are necessary in patients with fecal incontinence. [Editorial] Am J Gastroenterol

101(12):2679-2681

Finding Impact on Management

Normal Anal Pressure
to FI

External anal sphincter defect
Neurogenic injury to anal sphincter

Reduced rectal sensation

Underscores importance of other factors (e.g., abnormal rectal sensation, diarrhea)

May be amenable to surgical repair
May guide the decision to repair sphincter defects

Can be restored by biofeedback therapy, thereby restoring FI

nence (DEUTEKOM et al. 2006). For all 3 tests (i.e., de-
fecography, MRI], and combined anorectal tests [i.e.,
manometry, pudendal nerve terminal motor latency,
rectal capacity and sensation]), the reported burden
of testing was low, with average scores in the 1 to 2
range for all 4 items. There was statistically signifi-
cant differences in the rated burden between MRI,
which had the lowest average score, and defecogra-
phy, which had the highest score, although this was
small and of uncertain clinical significance.
Fourthly, because the therapeutic options for fe-
cal incontinence are in general limited to regulation
of bowel habit, pelvic floor retraining, and surgery,
it may be premature at the current time to assess
the impact of diagnostic testing on management. In
the conventional paradigm for many diseases (e.g.,
chest pain, deep venous thrombosis), diagnostic
testing is primarily justified by its potential impact
on mortality and management. It is challenging to
justify a role for diagnostic testing in FI on these
grounds alone given the options for managing FI
are limited and continue to evolve. For example, the
utility of repairing small anal sphincter defects in
FI, particularly those discovered several years after
vaginal delivery is questionable given recent studies

suggest that fecal continence deteriorates over time
after surgical repair of sphincter defects (CHEUNG
and WALD 2004). Newer approaches (e.g., sacral
nerve stimulation) for managing fecal inconti-
nence are being studied (ANDREWS and BHARUCHA
2005) and may enjoy greater success. Nonetheless,
diagnostic testing may provide important informa-
tion that guides clinical management (Table 6.2.4).
Moreover, an improved understanding of the patho-
physiology of the condition may help patients cope
with this often devastating symptom. These issues
are important because one in five women with fecal
incontinence report the symptom has a moderate
or severe impact on quality of life (BHARUCHA et al.
2005¢). While < 10% of all women with FI discussed
the symptom with a physician in the past year, 84%
of women with severe FI had consulted a physician
for this symptom (BHARUCHA et al. 2005¢), justify-
ing the decision to test women who ask for help. In
other diseases (e.g., coronary artery disease), diag-
nostic testing may reduce anxiety and uncertainty
regarding the condition (MuUsHLIN et al. 2005).
However, there is no information on the impact of
diagnostic testing on patients’ perceptions of their
illness in FI.
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[ Moderate or severe fecal incontinence ]
v
[ Clinical Evaluation ]
Treat underlying disease
and manage bowel disturbances
v
[ Persistent Symptoms ]
[
v v v v
Rectal Rectal Balloon Increased
Anal manometry . . .
Sensation Expulsion perineal descent

Normal Weak Reduced

pressures pressures

Static

[ Dynamic imaging ]

4{ Evacuation disorder ]
!

imaging

J Pelvic floor
[ retraining

Consider
anal EMG [

Consider sphincteroplasty or
sacral nerve stimulation if appropriate

Fig. 6.2.8. Simplified algorithm for managing fecal incontinence. The investigations are guided by the clinical features and
the response to conservative measures, particularly management of bowel disturbance. Thereafter, further measures (e.g.,

pelvic floor retraining) may be necessary

Summary

Carefully performed diagnostic testing is useful for
understanding the pathophysiology and facilitat-
ing the management of FI. Test results should be
interpreted together with the clinical features (i.e.,
age, symptom severity, bowel habits, and response
to conservative measures). The indications and mo-
dalities for testing will continue to evolve.
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Introduction

Fecal incontinence is the inability to have control of
gas or stool evacuation and inability to defer the act
of defecation until a socially proper time and place.
Intact musculature including the puborectalis and
internal and external anal sphincters are prereq-
uisites for fecal control, as is a functioning nerve
supply to these muscles. Other factors contributing
to fecal continence include stool consistency, rec-
tal sensitivity and capacity, and an intact anorectal
sampling reflex. Any impairment to one or more of
these factors can result in fecal incontinence.

Although very devastating, it is socially stigma-
tized, and therefore it may be underreported and
perhaps underestimated. A community-based sur-
vey among nearly 7,000 person showed that 2.2%
suffered from fecal incontinence (NELsON et al.
1995), although a subsequent meta-analysis revealed
arate of 11-15% (MACMILLAN et al. 2004).

Fecal incontinence is considered the second
leading cause for nursing home placement, as up
to 45% of nursing home residents are estimated to
have some form of fecal incontinence (WHITEHEAD
et al. 2001). In addition to its social burden, fecal
incontinence imposes an economic impact on the
health-care system. This problem was emphasized
in 1999 when MELLGREN et al. studied long-term
costs of fecal incontinence among 63 patients. Dur-
ing this study period, the average overall charges
per patient were $17,166, and the total charges were
$559,341.

S. SHAWKI, MD

Research Fellow, Department of Colorectal Surgery, Cleve-
land Clinic Florida, 2950 Cleveland Clinic Boulevard, Weston,
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Assessment of fecal incontinence severity, and
thereby the need for treatment and the subsequent
outcome of the mode of treatment used, requires
a scoring system. BROWNING and PARKs (1983) in-
troduced one of the first fecal incontinence scor-
ing systems. Although it was simple and assessed
continence condition for solid and liquid stool, as
well as flatus, this scoring system did not take in
account the degree and frequency of incontinence.
These two important factors were considered in the
scoring system devised by MILLER et al. (1988) and
was modified later by PEscATORI et al. (1992); the
maximum score was six and did not consider the
frequency of stool lost.

Another scoring system was used in multiple stud-
ies evaluating the effect of dynamic graciloplasty in
the management of fecal incontinence. This Quanti-
fied Continence Scale scoring system assessed only
liquid and solid incontinence in terms of frequency
(WiLrLiAMsS et al. 1991; BAETEN et al. 1995). Ameri-
can Medical Systems developed a scoring system for
assessment of artificial bowel sphincter. This scor-
ing system involved evaluation of the consistency
and frequency - ranging from “never” to “several
times a day” (including six degrees of different fre-
quencies) - of lost stool as well as lifestyle alteration.
It is highly complex and ranges from 0-120.

Among the numerous scoring systems for fecal
incontinence, the Cleveland Clinic Florida Fecal In-
continence Score (CCF-FI), more commonly known
as the Wexner score, is by far the most popular and
most widely used validated scoring system (JORGE
and WEXNER 1993) (Table 6.3.1). The fecal inconti-
nence measures the frequency of incontinence to gas,
liquid and solid stool, lifestyle alteration and finally
the use of protective pads. Each of these variables is
given a scale of 0-4: a total score of 0 = normal con-
trol and a score of 20 = complete incontinence. This
scoring system has been validated by many studies;
one of these validating studies showed that a score of
9 correlates with significant fecal incontinence that
affects quality of life, and it can be considered as an
indication for surgical interference (ROTHBARTH et
al. 2001).

Vaizey’s score, a minor modification of the
Wexner score, was introduced in 1999 (Table 6.3.2).
This score combined components of the previous
scores using the Wexner score as the basis for their
modifications, but added an additional category
for urgency. These modifications took into consid-
eration three main factors. Wearing a pad may not
be an index of incontinence severity so much as a

Table 6.3.1. Wexner fecal incontinence scoring system
(JorGE and WEXNER 1993)

Frequency
Type of Never Rarely Sometimes Usually Always
incontinence
Solid 0 1 2 3 4
Liquid 0 1 2 3 4
Gas 0 1 2 3 4
Wears pad 0 1 2 3 4
Lifestyle 0 1 2 3 4
alteration

Never, 0; rarely, < 1/month; sometimes, < 1/week, > 1/month;
usually, <1/day, >1/week; always, >1/day. 0, perfect; 20,
complete incontinence

personal estimate that may vary from one patient to
another, hence its weight is reduced in the new scale.
Usage of antidiarrheal medications is considered as
part of the whole management plane, and failure
with/without these medication matters. Finally, they
considered fecal urgency, defined as the inability to
defer the bowel movement long enough until proper
timing, without overt fecal incontinence, as a valu-
able factor in the whole assessment of the fecal in-
continence patient condition. However, the addition
of ability to defer defecation more than 15 min did
not take into consideration stool consistency, which
could be an influencing factor; this item was given
the highest weight (VAIZEY et al. 1999).

Etiology

Anal sphincter defects and pudendal nerve injury
can occur during vaginal delivery and are by far
the most common causes of fecal incontinence
(Table 6.3.3), consequently making this problem
more prevalent in women (MADOFF et al. 1992).
Obstetric-related trauma is a main contributing
factor. Third-degree perineal tear, forceps delivery,
primiparous delivery, birth weight over 4 kg and
occipito-posterior position at delivery are all fac-
tors associated with obstetric-related anal sphinc-
ter trauma and subsequent fecal incontinence
(BANNISTER et al. 1987). Injury occurs after midline
and lateral episiotomies in 12% and 2% of delivering
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Table 6.3.2. Vaizey’s score (VAIZEY et al. 1999)

Never Rarely Sometimes Weekly  Daily
Incontinence for solid stool 0 1 2 3 4
Incontinence for liquid stool 0 1 2 3 4
Incontinence for gas 0 1 2 3 4
Alteration in lifestyle 0 1 2 3 4
No Yes
Need to wear a pad or plug 0 2
Taking constipating medicines 0 2
Lack of ability to defer defecation for 15 min 0 4

Never, no episodes in the past 4 weeks; rarely, 1 episode in the past 4 weeks; sometimes, >1
episode in the past 4 weeks, but <1 a week; weekly, 1 or more episodes a week, but <1 a day;
daily, 1 or more episodes a day. Minimum score = 0 = perfect continence; maximum score = 24
= totally incontinent. Perhaps because of the ease of the Wexner score, it remains much more
widely cited than the Vaizey score (Google Scholar.com 20 January 2008)

Table 6.3.3. Causes of fecal incontinence (% estimated based upon literature review)

Sphincter abnormality (most

common; about 80-90%)

Sphincter defects
® Obstetric injury
O Third- or fourth-degree tears
o Forceps injury
o Episiotomy
Anorectal surgery
o Fistula surgery
e Dilatation injury
e Sphincterotomy
e Hemorrhoidectomy
Other trauma

Denervation problems (mostly as

confounding factor; 20-35%)

Primary

e Pudendal neuropathy

e Chronic straining

e Descending perineal syndrome

e Vaginal deliveries

Secondary

@ Spinal cord and pelvic floor nerves

e Diabetic neuropathy

Congenital problems

Spina bifida
Imperforate anus
Myelomeningocele

Inadequate rectal/reservoir capacity/

compliance (<5%)

Inflammatory bowel disease
Pelvic radiotherapy
Pelvic sepsis

Neorectum
(sphincter-saving operations)

Low anterior resection

Colonic J-pouch anal anastomosis
Colo-anal anastomosis

Ileorectal anastomosis

Ileal J-pouch anal anastomosis
Collagen vascular disease

@ Scleroderma

e Amyloidosis

e Dermatomyositis

Rectal ischemia

Inadequate rectal sensation (< 5%)

Neurologic conditions

e Cerebrovascular accidents
e Dementia

e Multiple sclerosis

@ Brain/spinal cord injuries

e Neoplasms

Overflow incontinence (< 5%)

Fecal impaction
Encopresis

Psychotropic drugs

Altered stool consistency/diarrheal

conditions (< 5%)

Irritable bowel syndrome
Inflammatory bowel disease
Laxative abuse
Malabsorption syndrome
Short gut syndrome

Radiation enteritis

Miscellaneous

Aging

Rectal prolapse
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women, respectively (SULTAN et al. 1994). Another
common confounding factor is pudendal nerve neu-
ropathy, which eventually results in a shorter anal
canal, lower pressures and increased sphincter fiber
content; furthermore, a successful outcome is less
likely to be achieved (SNooks et al. 1990). Although
not as frequently implied as obstetric injury, anorec-
tal surgery, including division of the anal sphincters
during surgery for fistula in ano, can lead to fecal
incontinence (PARKS et al. 1976).

It has been shown that limited simple division of
an “acceptable” portion of the sphincter muscles in
alow anal fistula can be accompanied by varying de-
grees of impairment of fecal control in up to 34% of
patients (SaiN1o and Husa 1985; SHOULER et al. 1986).
The internal sphincter might be injured by forceful
dilatation during certain procedures, such as Lord’s
operation for treatment of hemorrhoids. This injury
might affect the ability of fecal control either in tem-
porary or permanent ways. This finding is especially
true in patients who are predisposed to and/or had
some preoperative impairment due to generalized
weakness of the pelvic floor, perineal descent and/or
pudendal neuropathy (MacDoONALD et al. 1992).

Denervation of the sphincters may be idiopathic.
Idiopathic incontinence is more common in multip-
arous women, although other factors, such as nerve
entrapment, rectoanal intussusception, descending
perineum syndrome and habitual straining at dur-
ing evacuation, have all been implied. Fecal inconti-
nence may also result from peripheral neuropathies
due to diabetes mellitus, multiple neurofibromatosis
and multiple sclerosis.

Clinical Approach

6.3.3.1
History

Thorough history is an important step during pa-
tient assessment, including information about the
frequency, duration and severity of incontinence,
whether to solid or liquid stool and/or gas, and the
impact on quality of life, should be obtained. A
detailed review of other related systems, such as
neurologic and gastrointestinal problems as well as
obstetric and gynecologic history, should be care-
fully undertaken. Past surgical history, including

bowel resections and especially history of anorectal
surgical procedures, should be detailed.
Pseudo-incontinence should be distinguished from
true incontinence; pseudo-incontinence occurs when
patients with normal anal sphincters are aware of the
desire to defecate, but cannot withhold the act. This
problem can be caused by a non-compliant rectum
secondary to inflammatory proctitis, radiation proc-
titis or presence of a neo-rectum (following restorative
proctectomy or proctocolectomy). Incontinence can be
due to diarrhea or very soft stool and may be second-
ary to dietary habits, irritable bowel syndrome, diver-
ticular disease, or inflammatory bowel disease. Some
patients may be totally unaware of the passage of stool
as sensory loss may be associated with rectal prolapse
or neuropathy and can be either primary or secondary.
Alternatively, the patient might be aware of an impend-
ing accident, but cannot prevent it. This type of incon-
tinence is usually due to motor dysfunction, which is
usually seen in sphincteric injury, but intact innerva-
tion. However, many patients with incontinence have
multifactorial etiology attributable to both.

6.3.3.2
Physical Examination

Anorectal examination includes inspection of the
perineum for any pathology, such as fistula, piles,
skin excoriation, anal opening (tight or patulous),
perineal descent and scars. Digital anorectal exami-
nation is important to assess resting and squeezing
tones, and the presence of any muscle disruption.
Anal inspection and digital rectal examination can
give accurate information about internal and ex-
ternal anal sphincter function, but are inaccurate
for determining external anal sphincter defects <90
degrees (DOBBEN et al. 2007a). Anoscopy is always
used in anorectal examination to exclude hemor-
rhoids, fistulas and fissures.

Investigation

6.3.4.1
Physiologic Studies

A series of tests is used to assess the different fac-
ets of fecal control. Anorectal manometry gives an
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idea about the anal sphincters’ resting and squeez-
ing pressures, rectal capacity, as well as rectoanal
inhibitory reflex, information that reflects muscle
function, rectal compliance and the sampling mech-
anism. Resting pressure is produced mainly by the
internal anal sphincter (IAS), which is a smooth
muscle in a state of continuous involuntary contrac-
tion providing a natural barrier to the involuntary
loss of stool. This barrier is normally between 50
and 70 mmHg.

Squeeze pressure results from the voluntary con-
traction of the EAS and puborectalis muscle, which
elevates the intra-anal pressure to reach two to three
times its baseline values (100 to 180 mmHg). Also the
EASundergoes reflex contraction in response to rec-
tal distension, increased intra-abdominal pressure
and posture alteration, which is a very important
mechanism in preventing leakage during activities
such as coughing or lifting (PARKS et al. 1962). About
50-85% of the resting tone is produced by the inter-
nal anal sphincter; the external anal sphincter is re-
sponsible for 25-30%, which is important to elimi-
nate the need for constant voluntary attention to the
sphincters. Finally, anal cushion expansion shares
the remaining 5-15% of pressure, which seems to
be essential for perfect anal control (GIBBONS et al.
1986; JorRGE and WEXNER 1997).

The high pressure zone represents the effectively
functional part of the anal canal in patients with
fecal incontinence. It is that part of the anal canal
in which the pressures are greater than half of the
maximum pressure at rest. These parameters show
abnormally lowered and diminished recordings
during manometry that accordingly should be im-
proved after surgical intervention aiming at regain-
ing higher pressures and creating a new high pres-
sure zone to restore anal control function.

The Recto-anal inhibitory reflex results from the
transient contraction of the external anal sphincter
followed by relaxation of the internal anal sphincter
as a result of distal rectal distension. It is believed
that this “sampling” reflex helps the recognition
and discrimination of rectal contents, whether solid,
liquid stool or gas, and thereby gives the person a
signal about needing to go to the restroom, whether
urgent or not. This reflex is mediated via a reflex
arch at the spinal level. It is lost in diseases and con-
ditions that involve neuropathies and resection of
distal mucosa.

Rectal compliance is the change in rectal pressure
in response to any change in volume. When the call
of defecation is to be deferred, rectal contents have

to be contained. Thus, the smaller change in pres-
sure to a larger change in volume reflects the elastic
characteristics of the rectal wall, thereby reducing
the pressure and urge for defecation. This feature
is lost with inflammatory bowel disease and condi-
tions where a neo-rectum is created, such as colonic
J-pouch for low rectal cancer and Ileal J-pouch for
mucosal ulcerative colitis. Defecography, does not
have an essential role in the preoperative evaluation
of fecal incontinence other than documenting the
inability to hold rectal contents and the occurrence
of premature leaks (SMiTH and BLATCHFORD 2006).

Electrophysiological studies include electromy-
ography, which helps map the anal sphincter, and the
pudendal nerve terminal motor latency test to evalu-
ate the integrity of the pudendal nerve. Whereas the
usefulness and practicality of anorectal physiologic
studies has been questioned (HALLAN et al. 1989),
endoanal ultrasound is definitely an important tool
in the assessment of fecal incontinence. However,
electromyography and ultrasonography are compli-
mentary evaluations.

An electromyography can be performed with a
needle electrode, an anal plug or surface electrodes.
It can be performed as either a concentric-needle or
single-fiber study. The most common and most ac-
curate method for assessment of fecal incontinence
is the concentric-needle exam. This study tends to
show functional defects, whereas an ultrasonog-
raphy is only used for revealing structural defects
therefor the two studies are complimentary. As an
example, an ultrasonography will often reveal ante-
rior-based abnormality, which could be a scar or a
defect, whereas an electromyography would discern
whether or not that particular area has neurologi-
cal activity and if so whether the activity is normal
or abnormal. It is perhaps easier to think of the two
examinations in an analogous fashion:the EMG is
like the microscopic evaluation and the ultrasound
is like the macroscopic evaluation of a pathology
specimen. The important adjunct to the EMG is of
course the baseline for future assessment, which is
of great prognostic significance when contemplating
surgery.

6.3.4.1.1
Imaging

Endoanal ultrasound is widely available and is rea-
sonably accurate. More recently, endoanal MRI was
introduced. In a prospective comparative study of
237 patients, endoanal ultrasound and endoanal
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MRI were comparable in the detection of external
sphincter defects (DOBBEN et al. 2007b). In a mul-
ticentric study, 200 patients with fecal incontinence
with a mean Vaizey (modified Wexner) score of 18
were evaluated with endoanal MRI for an external
sphincter condition by radiologists blinded to their
functional state. It was found that MRI was highly
sensitive in detecting EAS atrophy; in addition, it
was noted that the more atrophy detected in MRI,
the poorer were the functional results of the sphinc-
ter in terms of squeeze pressures, suggesting that in
this way endoanal MRI would help in better patient
selection with subsequent better outcome (TERRA
et al. 2006a).

Imaging also has an important role in postopera-
tive assessment as it gives an idea about the technical
outcome, which when correlated with clinical out-
come can provide complimentary parameters that
help determine the efficacy of the surgical treatment
implemented and, in case of failure, helps make the
decision whether to undertake a re-do operation or
another surgical alternative. DOBBEN et al. (2007c)
showed that endoluminal imaging can be effectively
used in postoperative assessment regarding tissue
at overlap and residual defects following sphinc-
teroplasty, as well as preoperatively for detection of
external sphincter muscle atrophy. They evaluated
30 patients suffering from fecal incontinence due to
external sphincter defects. This assessment included
pre- and postoperative endoanal ultrasound (EUS)
and endoluminal magnetic resonance (EMRI) asso-
ciated with functional assessment using the Vaizey
(modified Wexner) score. They found that both two-
dimensional endoanal ultrasonography and endo-
anal MR imaging were comparable and accurate in
detecting sphincter defects and assessing the struc-
tural integrity, respectively; thereby, the latter was
more useful in evaluating sphincter thickness and
atrophy, while the former was effective in the assess-
ment of residual external sphincter defects.

Another study done by the same group showed
that external phased-array MRI and endoanal MRI
are both comparable in detecting external anal
sphincter atrophy and consequently proper patient
selection for surgical repair. However, there were
both inter- and intra-observer variability among
the evaluating radiologists; they concluded that
both techniques are helpful and can be included in
the evaluation; however, the availability of the tech-
nique and experience level cannot be overempha-
sized in order to obtain accurate results (TERRA et
al. 2006b). Finally, as endoanal ultrasound is widely

available and cheaper, this technique is the method
of choice. Endoanal MRI, when available, gives
information about the external sphincter muscle,
which might play a role in patient selection and
have a predictive value for the outcome of anterior
anal repair (BRIEL et al. 1999; TERRA et al. 2006a;
DoBBEN 2007c¢).

Management of Fecal Incontinence

6.3.5.1
Conservative Management

Conservative management of fecal incontinence in-
volves dietary modification with fiber. Medications
such as bulking agents, including natural and syn-
thetic fiber, render soft/liquid forms of stool into a
more formed solid state to help control. This ther-
apy is especially effective in pseudo-incontinence
where the problem is mainly due to altered stool
consistency, such as chronic diarrheal conditions,
rather than muscular problems. Constipating agents
could be used in the same way when the cause of
incontinence is more likely due to a motility prob-
lem such as irritable bowel syndrome (EHRENPREIS
et al. 2007).

Biofeedback trains patients to know how to use
their sphincters more effectively. There are many
different methods of providing biofeedback, includ-
ing the use of electromyography, intra- or peri-anal
sensors, manometry and intrarectal balloon sys-
tems. The main theme is to encourage the patient
to feel and recognize the anal contraction by giv-
ing them a real-time visual picture, in the form of a
curve or diagram, representing their contraction in
any of the methods used.

6.3.5.2
Surgical Management of Fecal Incontinence

Surgical management can be divided into four cat-
egories (Table 6.3.4). The first type of operation in-
cludes repair of existing muscle and/or scar. These
methods include direct central apposition, overlap-
ping central repair, post anal repair and total pelvic
flow repair. The common denominator of these op-
erations is that preexisting muscle is either brought
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together, overlapped, imbricated or plicated. The
second surgical option includes either augmentation
or substitution of the anal sphincter muscles. These
options include graciloplasty, which is a neuromus-
cular stimulation, and artificial bowel sphincter. A
third category is sacral nerve stimulation, which
includes device implantation meant to enhance the
efficacy of an existing central complex. A newer
fourth group of therapies includes local anatomic
alteration and encompasses injectable therapies and
radiotherapy treatment.

Table 6.3.4. Management of fecal incontinence

Conservative

Dietary

e Increase fiber intake

o Bulking agents
Pharmacological

e Supplementing fibers

e Motility-altering agents

Biofeedback

Surgical intervention
Defects
e Sphincter repair

o Direct apposition

o Overlapping sphincteroplasty
+ internal sphincter imbrication

Intact sphincters
e Injectables
o Carbon beads
o Silicone
o Polytetrafluoroethylene (PTFE)

Controlled energy delivery, therapy for treatment of
fecal incontinence (SECCA)

e Sacral nerve stimulation (+ sphincter defect)
End stages

e Muscle transfer

e Artificial bowel sphincter

Diversion

e Colostomy

o Ileostomy

6.3.5.3
Sphincter Repair

Traditionally, surgical management of fecal incon-
tinence has included the techniques of the levator
muscle imbrication posterior to the anal canal or
both posterior and anterior to the anal canal as de-
scribed by KEIGHLEY (1984). Unfortunately neither
of these techniques has an overwhelmingly high
success rate or a particularly long durability, and
accordingly, neither of these techniques is routinely
being performed at the present time. The most re-
cent North American series was undertaken by
MAXWELL, WEXNER and colleagues and described
a success rate of 35% (BROWNING and PARKS 1983;
BrIEL and SCHOUTEN 1995; KORSGEN et al. 1997;
MATSUOKA et al. 2000).

Sphincteroplasty is the most common surgical
procedure encountered in the management of fecal
incontinence. It is considered in patients who have
an isolated sphincter defect as the residual muscle
still retains its functional ability.

Direct apposition involves the mobilization of the
external sphincter, excision of the scar and suturing
the muscle in an end-to-end fashion. It was associ-
ated with a 40% incidence of failure attributed to
suture disruption, and it was abandoned. The tech-
nique was modified later to excise the scar tissue,
and the muscle ends were overlapped rather than
apposed (PARKS and MCPARTLIN 1971). SLADE et al.
(1977) further modified the technique to include the
scar tissue in the overlap instead of excising it.

6.3.5.4
Overlapping Anterior Sphincteroplasty

This method is the most commonly used technique
for repair of anterior sphincter defects.

6.3.5.4.1
Technique

Following a full mechanical and oral and parenteral
antibiotics preparation, the patient is positioned in
the prone jackknife position under general endo-
tracheal anesthesia. A 120° anterolateral incision is
made; dissection is undertaken until entering the
ischiorectal fossae on each side where the healthy
parts of the external anal sphincter on both sides
of the defect are identified as well as the scar tissue,
which is divided in the midline. Division is followed
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by further dissection to separate the external sphinc-
ter from the internal one along the intersphincteric
groove. Additional imbrication of the internal anal
sphincter associated with approximation of the leva-
tor muscle is undertaken prior to performance of the
external sphincter overlap.

In this procedure the overlapped scar tissue
gives tissue bulk in which the sutures can take
hold, augments the sphincter size, restores the high
pressure zone and re-creates a perineal body in fe-
male patients (Fig. 6.3.1). WEXNER et al. (1991) and
FLESHMAN et al. (1991) showed that if anal sphincter
length is restored along with enough anal pressure,
this provides an appropriate high pressure zone re-
flected as improved functional outcomes in terms of
continence.

Creation of a diverting stoma for this procedure is
considered unnecessary by most authors. Also, food
intakerestriction after the procedure with or without
constipating agents has not been proved to improve
the outcome (CTERCTEKO et al. 1988; FLESHMAN et
al. 1991). Overlapping sphincteroplasty achieves an
overall accepted outcome ranging between 47% and
89%, at a mean follow-up of less than 3 years, with
a wound infection rate ranging from 0-24%. Good
pudendal nerve terminal motor latency was found to
correlate with more successful outcomes (WEXNER
et al. 1991).

Unfortunately long-term follow-up has shown
that overlapping sphincteroplasty reveals very dis-
appointing results of less than 50%, and in fact “per-

Fig. 6.3.1. External sphincter overlapped (dotted arrows).
Solid arrows show both ischiorectal fossae

Table 6.3.5. Overlapping sphincteroplasty results

sttt Year e sucees
Short term: < 3-year follow-up
FANG et al. 1984 79 89%
ENGEL et al. 1994 55 76%
OLIVEIRA et al. 1996 55 71%
SITZLER et al. 1996 31 74%
Young et al. 1998 56 86%
Long term: 5-10-year follow-up
HALVERSON and HuLL 2002 49 42%
BARISIC et al. 2006 65 74%
GREY et al. 2007 47 60%
MASLEKARS et al. 2007 72 80%

fect” control has been reported in less than 15% of
patients in a follow-up of over 5 to 10 years. Forty-
nine patients were evaluated after overlapping
sphincteroplasty with a mean follow-up of 6 years;
42% showed improved continence, and only 14%
were completely continent (HALVERSON and HuLL
2002) (Table 6.3.5).

Long-term functional outcome after a minimum
of 5years following sphincter repair could be as-
sessed in 38 patients. None was fully continent for
both stool and flatus, and only four were totally con-
tinent for solid and liquid stool. However, 23 had an
overall improved continence state (MALOUF et al.
2000).

6.3.5.5
Artificial Bowel Sphincter

The artificial bowel sphincter is the modification
of the American Medical Systems artificial urinary
sphincter (Minneapolis, MN). It is potentially indi-
cated in end-stage fecal incontinence where there
is insufficient muscle available for repair, but suf-
ficient perineal tissue to help prevent device extru-
sion. Such conditions may occur following surgical
excision or traumatic injury of the anal sphincters.
Patients with psychological instability, mental dis-
order or neuromuscular disease are not candidates
for the procedure. Patients with perianal sepsis
disease should not undergo this procedure; thus,
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patients suffering from severe cutaneous radiation
damage perianal Crohn’s disease or perianal infec-
tions should be excluded.

The device is composed of three components that
are all connected in a liquid-filled tightly closed sys-
tem. An inflatable cuff (the sphincter) is inserted
around the anal canal. A pressure-regulating bal-
loon is placed in the space of Retzius in the anterior
abdominal wall and acts as a reservoir of the fluid.
The pressure in the balloon should always be higher
in this system. Finally, a control pump connects with
both the cuff and the balloon via reinforced silicone
tubing. The pump is situated in the subcutaneous
layer of the scrotum or in the labus majorum in male
and female patients, respectively.

6.3.5.5.1
Technique

The procedure should be performed under meticu-
lous aseptic precautions and under cover of antibiot-
ics as infection is the main morbidity and cause of
failure of the artificial bowel sphincter. Two teams
can work together, one working on inserting the bal-
loon and the other team on inserting the pump and
the cuff in the proper places. While the patient is in
the lithotomy position, a tunnel is created around
the anal canal through one anterior or two lateral
perianal incisions. This tunnel is created by blunt
dissection considering the size of the cuff as well as
the depth of the tunnel to avoid future erosion. A
suprapubic transverse incision is made; dissection
is undertaken through the layers of the abdominal
wall till the extraperitoneal space anterior to the
urinary bladder where the pressure-regulating bal-
loon is placed.

By means of tunneling, two tunnels are burrowed
in the subcutaneous area, one from the balloon and
the other from the cuff, and both aim towards the
pump either situated in the scrotum or the labus
majorum accordingly. Connections are placed prop-
erly to create a functioning closed system. All of the
components are filled with radiopaque fluid to fa-
cilitate subsequent radiological assessment when
needed. This step is followed by equilibrating the
pressures in the system in such a way that the bal-
loon is kept at a higher pressure, thus keeping the
sphincter inflated with the fluid, thereby closing the
anal canal and maintaining continence. When the
patient has the call for defecation, s/he presses the
pump several times to deflate the sphincter cuff, al-
lowing the anal canal to open. The higher pressure

in the balloon gradually refills the cuff, again clos-
ing the anal canal.

A multicenter, prospective cohort study assessed
the safety and efficacy of artificial bowel sphincters
in 112 incontinent patients (MAHIEU et al. 1984). At
the 1-year follow-up, 75 (67%) had a functional de-
vice, and 85% enjoyed significant improvement in
continence and quality of life. Twenty-five percent
experienced wound infection that mandated surgi-
cal intervention, and 41 patients had their artificial
sphincters explanted (Fig. 6.3.2).

In a recent systematic review of the literature,
at the end of the follow-up period, approximately
66% of patients had accepted the functional artifi-
cial bowel sphincter. In studies with long follow-up
(mean, 5 years; range, 5-10 years), the explantation
rate was almost 50%. Infection was the most com-
mon complication (22%) and the most common
reason for further surgical intervention. Other rea-
sons for surgical intervention include erosion, fecal
impaction, non-healing perineal wound, pain or
malfunction (leaks, migration or cuff rupture). In
all studies, there has been clinically significant im-
provement in fecal incontinence scores and in qual-
ity of life (MUNDY et al. 2004).

In general, although a substantial number of pa-
tients eventually lose their artificial bowel sphinc-
ters, it remains one of the important tools in man-
aging end-stage fecal incontinence (Table 6.3.6). In

Fig. 6.3.2. Final position of an artificial bowel sphincter in a
male (American Medical Systems, Minnetonka, MN)
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Table 6.3.6. Artificial bowel sphincter results

Infection Permanent

Author Year N ate ——
LEHUR et al. 2000 24 4% 4
O’BRIEN et al. 2000 13 23% 3

WoNG et al. 2002 112 38% 34
ORTIZ et al. 2002 22 9% 7
DEVESA et al. 2002 53 21% 10
PARKER et al. 2003 37 34% 14
MicHOT et al. 2003 25 12% 3

CasAL et al. 2004 10 10% 1

Re- Overall
implants success
4 83%
0 77%
7 67%
2 68%
2 49%
7 49%
2 80%
2 90%

*Two patients were waiting for replacement at the time of publication

some instances, the major loss or major decline in
the tissues requires a preliminary non-stimulated
graciloplasty transposition to bulk the perineum
and reduce the risk of erosion of the subsequently
implanted cuff.

6.3.5.6
Muscle Transposition - Graciloplasty

Replacing the injured or dysfunctional sphincter
muscle with another skeletal muscle is an accept-
able option for end-stage fecal incontinence. In or-
der to transfer a skeletal muscle, some important
functional and anatomical criteria exist. The muscle
to be transferred should not play an essential role
for movement or maintaining position. The mus-
cle should be anatomically close enough to allow
transfer; more important, its neurovascular pedicle
should allow mobilization, preserving intact, ten-
sion-free nerve and blood supply. Finally, for the
transposition to be successful, the transferred mus-
cle should provide enough tissue bulk (PERsoN and
WEXNER 2005).

In the animal model, the sartorius muscle gave
good results as a neo-sphincter; however, in hu-
mans it has a segmental vascularization that when
transposed around the anal canal restricts mobili-
zation and compromises the arch of rotation. The
gluteus maximus is a strong muscle close to the
rectum, but does not have a single large proximal
nerve bundle amenable to stimulation. CHETWOOD
(1902) reported the first use of the gluteus maximus
as a neosphincter. This initial report was followed by

Table 6.3.7. Non-stimulated bilateral gluteoplasty series

Author Year Patients fe(;(l)l(lits II':eaSililtS
SCHOEMAKER 1909 6 6 -
BrisTom 1944 3 2 1
PROCHIANTZ 1982 15 9 1
HENTZ 1982 5 4 =
CHEN and ZHANG 1987 6 3 1
PEARL et al. 1991 7 4 2
StHali.ISTIANSEN 1995 7 0 3
DEVESA et al. 1992 10 6 3
DEVESA et al. 1997 17 9 1

several modifications (PEARL et al. 1991; DEVESA et
al. 1992) (Table 6.3.7). However, the muscle partici-
pates essentially in daily activities, such as running,
climbing stairs and standing from the sitting posi-
tion; hence, its transposition may result in compro-
mising these important functions.

In humans, the gracilis muscle, the most super-
ficial adductor muscle, has minimal strength and
range of motion; besides, its neurovascular bundle
is proximal and has a consistent location, about four
finger breadths downwards and outwards from the
pubis. These factors enable the gracilis to be an ap-
propriate choice for this operation.

Whereas the normal external sphincter contains
about 80% type-I, slow-twitch, fatigue-resistant fi-
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bers and is thus able to maintain continuous contrac-
tion (KONSTEN et al. 1993), the gracilis, like all other
skeletal muscles, has type-II, fast-twitch, nonfatigue-
resistant fibers that are unable to maintain prolonged
contraction. When the latter fibers are exposed to a
continuous low-frequency electrical current, they
eventually transform to the former fiber type (PETTE
and VrBova 1992). The first graciloplasty was de-
scribed by PICKRELL et al. in 1968 when the first stim-
ulated graciloplasty was introduced (PErRsoN and
WEXNER 2005). However, the concept of transform-
ing fast fibers to slow fibers using a constant electric
current was independently discovered at a later time
(BAETEN et al. 1991; WILLIAMS et al. 1991).

6.3.5.6.1
Technique

The procedure is undertaken under general anes-
thesia with the patient in the lithotomy position and
after administration of parenteral antibiotics.

6.3.5.7
Harvesting the Gracilis Muscle

This step is achieved through two incisions distrib-
uted on the medial aspect of the thigh along the grac-
ilis muscle. The muscle is dissected distally through
these incisions until its tendon proximal to the head
of the tibia as well as proximally to its neurovascular
bundle. The neurovascular bundle is generally situ-
ated four finger breadths below the ipsilateral pelvic
ramus. In order to assure safety and to permit nerve
stimulator use, the anesthesiologist avoids use of
muscle-relaxing agents and especially paralysis.

The gracilis is left in the upper thigh incision
waiting to be transposed after preparing its new bed
around the anorectum. In approximately 5% to 10%
of patients, the proximal arcade vessel is the only
supply of the entire length of the gracilis muscle.
Therefore, in a small number of patients, when the
one to three perforated vessels entering the lateral
aspect of the gracilis muscle are divided and the
tendons are divided, the distal % to % of the muscle
becomes devascularized. In these individuals, a vas-
cular delay procedure is performed on the contralat-
eral leg, leaving the tendon intact. Over the course
of approximately the next 4 weeks, the muscle will
become sufficiently vascularized through the single
proximal arcade, and the surgeon can safely return
to harvest and transpose the muscle at that time.

6.3.5.8
Preparing the New Position

Two circumanal lateral perianal incisions are made
around the anal opening. A tunnel is then bluntly
created around the anal canal with great caution
not to injure the rectum, the vagina or the urethra.
Another subcutaneous tunnel is formed subcutane-
ously to connect the newly created perianal bed with
the upper thigh incision. The muscle is transferred
to its new position and wrapped around the anal
canal in a gamma (y), alpha (o) or epsilon (g) con-
figuration. The next step is to fix the gracilis tendon
by a non-absorbable suture in the contralateral is-
chial tuberosity or alternatively to the subcutaneous
tissue or ipsilateral ischial tuberosity if the muscle
is short.

6.3.5.9
Attaching the Electrical Source

The hardware is composed of a neurostimulator
and electrodes. The two electrodes are inserted
in the muscle bulk near the entrance of the sup-
plying nerve, the obturator nerve, into the muscle.
The neurostimulator is implanted in a subcutane-
ous pocket in the anterior abdominal wall in the
pubic area, and through subcutaneous connections
the electrodes are connected to the stimulator. Fol-
lowing the operation the conditioning phase starts;
over 8 weeks a constant electrical current is applied
on the neosphincter to allow fiber transformation.
The patient is supplied with a magnet that, when ap-
plied on the neurostimulator, turns it off, allowing
defecation, and when removed, the electrical current
recurs, resulting in contraction of the neosphincter
and closure of the anal canal.

In a multicenter trial by BAETEN et al. (2000) that
included 115 patients who received a stimulating
graciloplasty from 1993-1999, the success rate de-
fined as a 50% decrease in frequency of incontinent
episodes was achieved in 62% of patients who had
no stoma at the time of operation at 1-year follow-
up. At 18 and 24 months, these results were found in
55% and 56%, respectively, with 15% in this group
experiencing complete continence and 42% experi-
encing 50% to 99% continence. In patients who had
a stoma at the time of graciloplasty, the success rate
was 37.5% at 1 year and rose to 62% at 18 months.

A systematic review showed that a considerable
morbidity was associated with this procedure. The
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morbidity rate ranged up to 2.08 per patient with
most common adverse events, including infection
(28%), malfunctioning neurostimulator or elec-
trodes (15%), and leg pain (13%). However patient
satisfaction regarding continence as a measure of
efficacy ranged from 42% to 85%.

Complications requiring surgical intervention
and explantation of the device ranged from 0.14 to
1.07 per patient. Causes included erosion of the mus-
cle into the anal canal, rectal perforation by enema,
infections of the stimulator or electrodes, migration
of the electrodes, battery failure, detachment of the
tendon from the ischium, perianal abscess and/or
fistula (CHAPMAN et al. 2002).

ORrTiIZ et al. (2003) compared the outcomes of dy-
namic graciloplasty and artificial bowel sphincters
at a follow-up of 3 years. There were no significant
differences in the complication rate, wound healing
problems or explantation rates; however, the arti-
ficial bowel sphincter was found to be more effec-
tive in improving fecal incontinence (Table 6.3.8).
Although stimulated graciloplasty is performed
throughout the world, it is not available in the USA
as the manufacturer never pursued FDA approval,
which is unfortunate. There are certain groups of
patients in whom insufficient perineal tissue exists
without safe implantation of the artificial bowel
sphincter, and sacral nerve stimulation will also
not work. These patients would be best served by
a stimulated graciloplasty, but unfortunately this
procedure cannot be performed. As an alternative
for patients in the US who have insufficient peri-
neal tissue, a preliminary gracilis transposition
followed by an artificial bowel sphincter should be
considered.

Table 6.3.8. Stimulated-graciloplasty results

o Year N ity % suecess
MADOFEF et al. 1999 128 41% 66%
BAETEN et al. 2000 123 74% 60%
WEXNER et al. 2002 115 - 62%
BRESLER et al. 2002 24 41.6% 79%
RONGEN et al. 2003 200 61% 72%
PENNINCKX 2004 60 73% 75%
THORNTON et al. 2004 38 75% 73%

6.3.5.10
Sacral Nerve Stimulation

The concept of using electric stimulation for improv-
ing poorly functioning pelvic organs was proposed
about a century ago to treat urinary incontinence (In
PERsoN and WEXNER 2005) and went through mul-
tiple phases, including transcutaneous stimulation,
inserting electrodes into the vagina (ALEXANDER et
al. 1970) or rectum (HoPKINSON 1972), implanting
them directly into the pelvic organs (CALDWELL et
al. 1968) and finally, to avoid inserting foreign ma-
terial in the pelvic organs, sacral nerve stimulators
(TaANAGHO and SCHMIDT 1982), which were first used
to treat urinary incontinence. It was subsequently
noted that patients with both urinary and fecal in-
continence treated with the sacral nerve stimulator
for urinary incontinence also experienced improve-
ment in fecal incontinence, which prompted inves-
tigating the implementation of sacral nerve stimu-
lators in the management of fecal incontinence. In
1995, the first promising results on three patients
were presented by MATZEL et al. (1995); two gained
perfect continence, and the third improved signifi-
cantly.

6.3.5.11
Mechanism of Action

The pelvic floor and anorectal region receive both
somatic as well as autonomic innervation. Direct
branches from the sacral plexus (S2-S4) supply the
levator ani and puborectalis with motor innerva-
tion. The inferior rectal nerve, a branch of the pu-
dendal nerve, innervates the external anal sphinc-
ter. The superficial perineal nerve, another branch
of the pudendal nerve, is responsible for sensory
innervation. Autonomic innervation involves both
the sympathetic and parasympathetic systems. The
latter arises from the sacral plexus S2-S4. Thus, the
continence mechanisms receive their controlling in-
nervation, motor, sensory and autonomic, from the
sacral plexus (MATZEL et al. 1990).

It has been shown that electrical stimulation at
that level results in stimulation of all the innervat-
ing components with subsequent modulation of
nerve-musculature function; thereby, a malfunc-
tioning pelvic floor musculature could be improved
(TaNnAGHO 1993). This finding is evidenced by the
reduced rectal sensory threshold and improved ex-
pulsion time by its influence on the sensory path-
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ways; however, the effect on the autonomic system
resultsin increasing the resting anal pressure as well
as rectal blood flow (KENEFICK et al. 2003).

6.3.5.11.1
Technique

The initial process consists of three phases.

Stage One

The aim of this stage is to evaluate the probability of
success in each patient prepared to receive a sacral
nerve stimulator. The procedure is done while the
patient is in the prone position, usually under lo-
cal anesthesia, and without muscle relaxants. Under
fluoroscopic guidance, needle electrodes are care-
fully placed into the dorsal foramina of S2, S3 and
S4, trying to place the electrodes aligned with and
close to the sacral nerve while leaving the foramina
and entering the pelvis.

Each time an intermittent electric current is ap-
plied and the outcome checked. Normally, stimula-
tion of S2 results in perineal muscle contraction and
external rotation of the ipsilateral leg. Stimulation of
S3 causes contraction of the external sphincter and
levator ani associated with planter flexion of the first
and second toes. Stimulation of S4 results in strong
contraction of the external anal sphincter with no
other musculature activity. This testing is done bi-
laterally, and accordingly, if a desired response is
observed, the second stage is initiated.

Fig. 6.3.3. Final position of
the stimulator and electrodes
(Medtronic Inc., Minneapolis,
MN)

Stage Two

As a direct continuum to a successful stage one, a
temporary electrode is inserted, which subsequently
if successful will remain as a permanent electrode
in the last stage. In both options, the electrode is
connected to an external temporary stimulator. This
test period usually takes about 2 weeks. The external
stimulator produces a continuous stimulation of a
15 Hz and a pulse width of 210 us, except for at def-
ecation or urination. At the end of the 2 weeks, the
patient is assessed for symptom improvement. Eval-
uation involves a bowel diary, fecal incontinence
score, anorectal physiology testing and quality-of-
life assessment.

Stage Three

The final phase of a successful evaluation is a per-
manent stimulator implantation in the subcutane-
ous tissue of the lower back. The same parameters
used in the second stage are applied in stage three
as well (Fig. 6.3.3). The patient is given a hand-held
device by which he/she can activate/deactivate the
stimulator and, more important, can modulate the
amplitude of the currency.

JARRETT et al. (2004) concluded in their system-
atic review that a sacral nerve stimulator for fecal
incontinence was extremely effective in improving
continence and quality of life. It has also been shown
that these effects are maintained for long periods of
follow-up without significant deterioration. Thir-
teen percent (19 out of 149 patients) experienced
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complications. Infection necessitating removal of
the device occurred in three patients, seven patients
needed replacement of leads, six patients felt pain at
the site of implantation, and wound dehiscence oc-
curred in only one patient.

The morbidity associated with sacral nerve stim-
ulation is significantly less than the morbidity as-
sociated with either an artificial bowel sphincter or
stimulated graciloplasty (Table 6.3.9). In large mea-
sure this vast improvement in the safety profile is
due to the fact that none of the dissections and none
of the implants are in close proximity to the anus.
Moreover, the efficacy of the sacral nerve stimula-
tion device far exceeds the efficacy of either the ar-
tificial bowel sphincter or graciloplasty. Specifically,
the sacral nerve stimulator also improves sensation,
whereas the artificial anal sphincter and gracilo-
plasty “stimulated or non-stimulated” only serve as
mechanical barriers to the passage of stool; hence,
there is no augmentation of sensation with these
other operations.

6.3.5.12
Injectable Bulking Agents for the Anal Sphincter

Injectable agents were initially used for treatment of
female stress urinary incontinence. The idea was to
physically augment the sphincter by the submucosal
injection of bulking agents aiming to restore sphinc-
ter function. Glutaraldehyde cross-linked collagen
(Monga etal. 1995), autologous fat (HaAB et al. 1997)
and carbon beads (LIGHTNER et al. 2001) have been

Table 6.3.9. Sacral nerve stimulation results

used for this purpose. Soon the concept was intro-
duced to the colorectal field, and similar materials
were used as bulking agents for the anal sphincters
in patients with fecal incontinence (SHAFIK 1995;
KuMaRr et al. 1998). Soon polytetrafluoroethylene
(PTFE) (Teflon, Dupont, Wilmington, DE; SHAFIK
1993) and silicone (MALOUF et al. 2001) were added
to the injectable list.

The early results were promising; however, the
fecal control effect over time declined either due to
flattening or migration of these bulking agents that
sometimes necessited subsequent further injection.
Durasphere FI, initially designed for treating uri-
nary stress incontinence, is another bulking agent
composed of pyrolytic, carbon-coated, zirconium-
oxide beads suspended in a water-based carrier gel
containing B-glycan. These beads were designed to
be non-migratory, non-absorbable and biocompat-
ible. It is supplied as ready-prepared 1- or 3-ml ster-
ile syringes ready for injection submucosally in the
anal canal and distal rectum.

6.3.5.12.1
Technique

This procedure can be undertaken as an outpatient
technique. Complete bowel preparation is not man-
datory; however, a fleet enema might be helpful for
cleaning the distal colon and rectum, thus providing
a clean work environment. While the patient is on
the examining table in the prone jackknife position,
proper exposure of the anal canal is achieved by
anoscopes. The bulking agent is subsequently in-

Follow-up Improvement
Author Number LT .

(range) Mean resting Mean squeeze q .

Fecal incontinence score

months pressure pressure
GANIO et al. 2001 16 15.5 (3-45) 37.7—49.1° 67.3—82.6° Williams 4.1-1.25
LEROI et al. 2001 6 6 77—>86% 56.5—60.8% Urgency 4.8-52.3
KENEFICK et al. 2002 15 24 (3-60) 355492 43569 FI episodes 11-0
MATZEL et al. 2004 34 (5-60) - 37.3—>72.5° FI episodes 16.4—2
ALTOMARE etal. 2004 14 14 (6-48) 36.5—32° 72—62° FI episodes  14—0.5
JARRET et al. 2004 46 12 (1-72) 46—492 62—932 Wexner 7.5—1
RASMUSSEN et al. 2004 37 6 (0-36) 42332 90—100? Wexner 16—6

*cm H,0
> mm Hg
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jected in the submucosal area about 0.5-1 cm above
the dentate line typically 45 degrees apart.

WEIss et al. (2002) prospectively applied this
technique to ten patients (seven females) with a
mean age of 64 years in an open-label pilot trial.
These patients did not have sphincter defects and
failed other non-surgical treatment options. Gener-
ally, 80% of patients improved after this procedure,
with a significant reduction of Wexner score from 13
at baseline to 10 and 9.3 at 3 and 6 months after the
procedure, respectively. This salutary effect was as-
sociated with improvement in fecal continence abil-
ity and quality-of-life assessment scores, proving
that this procedure is easy to perform, well tolerable
and offers improvement in fecal continence.

Another study included 18 patients with fecal
incontinence. In this study the authors injected the
material at the site of the sphincter defect, aiming
at restoring the symmetry of the anal canal. With
a mean follow-up of 28.5 months, the Wexner score
decreased from a baseline of 11.89 to about 8 at
12 months (P=0.002), with an associated improve-
ment in quality of life. There was a significant corre-
lation between the number of injected sites and the
degree of improvement, with no attenuation of the
effect over time (DAvIs et al. 2003).

The possible mechanism of action is to fill the
area of the sphincter defect to restore the contour
of the anal canal or bulking the intact sphincter and
thus regaining the ability to close the anal canal at
rest and during squeeze, respectively. Furthermore,
the continuous formation of fibrosis around the in-
jection sites may provide a satisfactory long-term
effect.

6.3.5.13
Radiofrequency

The use of heat in medicine goes back thousands of
years. The mechanism by which radiofrequency de-
livers heat energy to tissues depends on a high-fre-
quency alternating current that flows between two
electrodes - active and dispersive. This results in ex-
tremely rapid frictional movement of ions and thus
heat generation in the tissue. As a result, collagen fi-
bers in the heated tissues contract; furthermore, the
subsequent healing and remodeling processes cause
shortening and tightening of the tissues (GUSTAVSON
1964). This mechanism has been effectively em-
ployed in the management of different conditions,
including obstructive apnea syndrome (POWELL et

al. 1998), benign prostatic hyperplasia (DAWKINS
et al. 1997), joint capsule instability (HECHT et al.
1999) and gastroesophageal reflux disease (GERD)
(RicHARDS et al. 2001; TRIADAFILOPOULOS and
UTLEY 2001; TRIADAFILOPOULOS et al. 2002).

Technology innovations resulted in modifying
the technique into temperature-controlled radio-
frequency heat delivering systems. By virtue of a
continuous feedback mechanism, the tempera-
ture of treated tissues is monitored, and the heat
energy delivery is controlled in order to keep the
temperature within a normal range to avoid tis-
sue burning. This method is also accompanied by
a simultaneous cooling system. The modification
showed effectiveness in treating GERD, the Stretta
procedure, (Curon Medical, Inc., Sunnyvale, CA);
a similar procedure based on the same concept,
the Secca procedure, has evolved for treating fecal
incontinence. The Secca system is composed of a
central control device to monitor the temperature
adjustments from one side and the function of the
apparatus from the other side (Fig. 6.3.4). It has
a four-channel radiofrequency generator and an
anoscopic handpiece. This handpiece has four ti-
tanium needle electrodes; each electrode has tem-
perature-sensitive sensors at the tip and base in
order to continuously monitor the temperature of
the tissue and mucosa.

Fig. 6.3.4. Secca procedure. The anoscopic handle piece
with the four titanium electrodes deployed (Curon Medical,
Sunnyvale, CA, which declared bankruptcy on 15 October
2006)
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6.3.5.13.1
Technique

The patient is placed in the prone Jackknife posi-
tion;anesthesia canbe either intravenous conscious
sedation with local anesthesia or a general inhala-
tional agent. Under direct vision, the handpiece is
inserted into the anal canal so that the needle’s line
is at or just above the dentate line. Caution should
always used, making sure that the cooling system
is set up and functioning properly. The needles are
deployed into the tissues, and the radiofrequency
energy is delivered under the control and monitor-
ing of the central module. Each needle receives and
thereby delivers about 465 KHz, 2-5 W, for 90 s.
With any increase in the tissue temperature be-
yond the pre-selected limit (85° C) or interruption
in the cooling system, the power is automatically
shut down. In this manner, each needle causes a
thermal lesion in the anal sphincter; each set is
composed of four lesions applied to the four quad-
rants and is repeated up to about 15 mm proximal
to the dentate line in the anal canal, depending on
the length of the anal canal, a piece of information
obtained from the preoperative anal ultrasound.

The first pilot study (TAKAHASHI et al. 2002) was
carried out on ten female patients who under went
the Secca procedure for fecal incontinence. Early
results showed a reduction in the Wexner score
from a mean of 13.5 at baseline to 5 after 12 months
(P<0.01), with an associated improvement in qual-
ity of life. At the 2-year follow-up, the mean Wexner
score was 7.3, showing the durability and long-term
effectiveness of the procedure.

In amulticenter trial, 50 patients (43 women) were
treated for fecal incontinence using the Secca proce-
dure. The baseline Wexner score dropped from 14.5
to 11.1 at 6 months (P <0.0001), which was also as-
sociated with significant improvement in the quality
of life (EERON et al. 2003). Unfortunately, the Curon
medical company declared bankruptcy in Novem-
ber 2006, and the radiofrequency device is no longer
commercially available.

Conclusion

Fecal incontinence is a very heterogeneous classifi-
cation of a tremendously distressing and disabling

physical disorder. The degree of incontinence must
be considered in the context of the lifestyle and
activity of the patient. For example, an elderly bed-
ridden nursing home patient incontinent for liquid
stool on an occasional basis has a vastly differ-
ent implication than a young active professional
incontinent for the same liquid stool on an occa-
sional basis. In addition, daily incontinence of gas
in someone who professionally lectures for a living
might be vastly more distressing than a once per
week episode of solid stools in a nursing home pa-
tient. Therefore, in order to quantify the severity of
the incontinence, the Wexner incontinence score or
an alternative scoring system should be used. If the
patient’s fecal incontinence score warrants investi-
gation, then imaging studies are essential in order
to help determine the best method of treatment.
In general, a combination of anal ultrasonography
or anal magnetic resonance imaging combined
with pudendal nerve terminal motor latency as-
sessment will form the cornerstone for therapeutic
selection.

Much of the determination is based on whether
or not an intact sphincter mechanism exists. If
MRI and/or ultrasound reveal an anatomically in-
tact sphincter, then anal electromyography can be
used to determine the functionality of that sphinc-
ter. Sphincter defects are best repaired through an
overlapping mechanism. However, because of the
very poor long-term result, patients are counseled
that the overlapping repair will form the first steps
in the recovery and that at some subsequent date,
either soon after the initial repair or in the future,
additional therapy may be necessary. In patients
without a defect or patients who after the defects
have been repaired still continue to have a func-
tionally poor sphincter mechanism, as well as in
patients with a multifocal defect, other therapy
should be selected. The range of these treatments is
determined in large measure by the anatomy of the
sphincter. For example, the patient with multifo-
cal defects might be best served by either a gracilo-
plasty or an artificial bowel sphincter, whereas the
patient with an anatomically intact, but function-
ally unsatisfactory repair might be best served by
sacral nerve stimulations or injectables. The algo-
rithm shows the therapeutic determination again
in large measure based on imaging results. The ul-
timate goal in these patients, regardless of therapy,
is to restore normal or near normal bowel control
at least to an acceptable level and avoid the ulti-
mate alternative of a permanent stoma.
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Algorithm 6.3.1. Strategy for managing fecal incontinence

Endoanal US *

N

e

External Sphincter defect

-

yes

No defect

~

Pudendal neuropathy

Alternative procedures

Yvy

no

A

\

N

Y

Sphincteroplasty

Simple procedures

Complex procedures

AN

Y Y

Success Failure Injectable Agents Sacral Nerve Stimulation
Radiofrequency Stimulated graciloplasty
/ v Artificial Bowel Sphincter
Persistent Intact /
defect repair [ Y
Success Failure Failure
Y
* When sufficient experience is available, MRI can be performed as initial test stoma
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