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This book is dedicated to all patients that I could help, to the
ones I will help through other doctors’ hands, and to all
physicians interested, like me, in helping patients with colon
and anorectal disorders.



Foreword 1

We live in a world of incredible change in the practice of medicine with rapid
advancements, exponentially increasing knowledge, and innovative surgical
procedures. Our understanding of anorectal physiology and pelvic floor dis-
orders has rapidly advanced in the last several decades, and with this, the
range of surgical options for selected patients has significantly expanded. As
such, this book is an extremely valuable contribution. It is the first compre-
hensive textbook written from a surgical perspective dedicated to anorectal
physiology and to the diagnosis, evaluation, and treatment of pelvic
disorders.

Pelvic floor disorders, including pelvic organ prolapse, rectal prolapse,
fecal incontinence, chronic constipation, pelvic pain, and defecatory disor-
ders, are quite common and may affect up to 20% of the population. Optimal
treatment of this heterogeneous group of disorders and challenging group of
patients is predicated not only on understanding the anatomy and physiology
of the region but also on an in-depth understanding of the indications for and
limitations of anorectal physiology testing and radiographic testing combined
with operative and non-operative techniques.

This textbook serves as a unique reference for all surgeons who treat pel-
vic floor disorders. The text is clear, readable, up-to-date, and written with a
surgical perspective. Close to 400 figures, the majority of which are in color
and are superb. Starting with the anatomy and physiology of the anorectal
region and pelvic floor, detailed chapters follow on clinical evaluation and the
plethora of tests including anal manometry, endoanal and endovaginal ultra-
sound, and defecography (including echo-, cine-, and MRI defecography),
providing a complete and clinically useful catalog of current and evolving
modalities for pelvic floor investigations. All modalities for treatment of the
full gamut of pelvic floor disorders including fecal incontinence, rectal pro-
lapse, and obstructed defecation are included in addition to rarer conditions
such as Chagasic megacolon, and emerging techniques including the use of
stem cells and posterior tibial nerve stimulation for fecal incontinence are
detailed.

Dr. Oliveira is to be commended for assembling a truly outstanding group
of internationally known experts to produce this comprehensive textbook. All
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trainees and established colon and rectal surgeons will find this book to be an
invaluable, all-inclusive resource for anorectal physiology and pelvic floor
disorders.

Patricia Roberts

Professor of Surgery

Tufts University School of Medicine
Boston, MA, USA

Chair Emeritus, Department of Surgery
Lahey Hospital and Medical Center
Burlington, MA, USA



Foreword 2

It is a privilege and an honor for me to write this foreword for one of my
highly accomplished and internationally renowned alumni, Dr. Lucia Camara
Castro Oliveira. Dr. Oliveira has established herself as one of the global
authorities in anorectal physiology. Her content expertise is paralleled by her
network of key opinion leaders with whom she interacts and who clearly
respect her. Attestation to my reflections are attested to by perusal of the table
of contents. Lucia’s newest book, Anorectal Physiology: A Clinical and
Surgical Perspective, includes 40 chapters undoubtedly making it the most
comprehensive current and complete textbook of anorectal physiology. The
authors of the chapters include luminaries from throughout the Americas and
Europe. Every single aspect of anorectal physiology is delved into in great
detail commencing with the anatomy and then moving through physiology to
evaluation of anatomy and physiology. Ultimately, the etiology and clinical
treatment of incontinence, constipation, rectal prolapse, and other disorders
are addressed.

Each chapter is authoritatively written, clinically relevant, and compre-
hensively referenced. Some of the newest and most controversial areas of
both evaluation and management are included in this wonderful treatise.
Lesser known topics are given equal coverage to the more “common” etiolo-
gies, evaluations, and therapies which we employ in our practices. In addition
to the depth and breadth of topics and the unparalleled reputations of the
authors, Dr. Oliveira has skillfully managed to include a sufficient amount of
overlap such that individual chapters can be read and clinically applied. I
congratulate Dr. Oliveira on how she has managed to blend appropriate
amounts of overlap among the chapters with sufficient non-repetitive content
within each chapter to encourage the reader to devote the necessary time and
attention to study the entire textbook.

Once again, I thank Dr. Oliveira for having afforded me the privilege of
writing this foreword. I thank all of the authors who have helped my alumnus,
Dr. Oliveira, achieve such a superlative result as this textbook of anorectal
physiology: a clinical and surgical perspective. I again congratulate Dr.
Oliveira upon her tremendous accomplishment in creating what I am confi-
dent will become the reference standard textbook of anorectal physiology.
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Most important, I congratulate the reader of this textbook on having made an
exceptionally wise choice in selecting it as the best, most recent, and compre-
hensive educational resource for anorectal physiology.

Steven D. Wexner, MD, PhD(hon), FACS

Chair, Department of Colorectal Surgery
Cleveland Clinic Florida, Digestive Disease Center
Weston, FL, USA



Preface

Anorectal physiology and pelvic floor disorders are an interesting area of
coloproctology, which allow for multispecialty interaction. New insights and
theories to explain the mechanisms of continence and defecation are still
challenging our understanding of functional disorders of the pelvic floor.
Although quite developed over the last 20 years, anorectal physiology is still
an area of medicine that offers opportunities for research and development of
new treatment modalities. Dynamic imaging methods, including tridimen-
sional ultrasound, are contributing to the assessment of the entire pelvis, as a
unit. Conventional and high-resolution manometry as well as other methods
to assess motility and neuromuscular integrity of the pelvic floor can help
surgical decision-making and guide treatment algorithms. Neuromodulation
by sacral or tibial nerve stimulation is a valuable and important tool for
patients with both incontinence and constipation.

Five years of surgical residency in Brazil were not sufficient time to pre-
pare me to address often challenging pelvic floor disorders. I was fortunate
for the opportunity to spend time under the unique mentorship of Dr. Steven
Wexner during a fellowship at the Cleveland Clinic Florida. It was a period
dedicated to learning new and innovative ways to evaluate and assess patients
with fecal incontinence and constipation. After returning to Brazil, I had the
opportunity to set up the first Anorectal Physiology Department in Rio de
Janeiro. I was blessed to evaluate patients and to share my experience and
expertise with many fellows that rotated through my department. After
24 years of helping patients with a wide array of anorectal dysfunctions, I am
happy to share my experiences, along with the world-renowned colorectal
surgeons who have contributed to this book. It is my hope that this compre-
hensive book will contribute to a better understanding of anorectal and pelvic
floor disorders, its mechanisms, and best treatment practices.

Rio de Janeiro, Brazil Lucia Camara Castro Oliveira
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Anatomy of the Anorectal Region
and Pelvic Floor

José Marcio N. Jorge, Leonardo A. Bustamante-Lopez,

and llario Froehner Jr

Introduction

The study of the anatomy of the rectum and anus
is described since 1543 by Andreas Vesalius
through anatomic dissections [1]. However, the
anatomy of the rectum, anal canal, and pelvic
floor is so intrinsically related to its physiology
that much can be appreciated only in the living.
Thus, it is a region in which the surgeon has an
advantage over the anatomist through in vivo dis-
section, physiologic investigation, and endoscopic
examination. On the other hand, anatomy of the
pelvis is also challenging to the surgeon: the pel-
vis is a narrow space, packed with intestinal, uro-
logic, gynecologic, vascular, and neural structures,
all confined within a rigid and deep osseous—mus-
cular cage. Whereas, detailed anatomy of this
region is difficult to learn in the setting of an oper-
ating room, and it demands not only observations
in vivo but also anatomy laboratory studies,
including dissections of humans and animals,
with in-depth descriptions and drawings and
sometimes associated with physiologic evalua-
tion. Based on these studies, some controversial
concepts of the anorectal anatomy have been
actually changed [2-8]. In addition, virtual reality

J. M. N. Jorge (0<)) - L. A. Bustamante-Lopez

I. Froehner Jr

Division of Coloproctology, Department of
Gastroenterology, University of Sdo Paulo, Hospital
das Clinicas, Sao Paulo, Brazil

© Springer Nature Switzerland AG 2020

models have been designed to improve visualiza-
tion of three-dimensional structures and teach
more properly anatomy, pathology, and surgery of
the anorectum and pelvic floor [9].

Anatomy of the Anus and Rectum

Anal Canal Structure, Anus, and Anal
Verge

The anal canal is anatomically peculiar and has a
complex physiology, which accounts for its cru-
cial role in continence and, in addition, its sus-
ceptibility to a variety of diseases.

The anus or anal orifice is an anteroposterior
cutaneous slit that along with the anal canal
remains virtually closed at rest, as a result of
tonic circumferential contraction of the sphinc-
ters and the presence of anal cushions. The edge
of the anal orifice, the anal verge or margin (ano-
cutaneous line of Hilton), marks the lowermost
edge of the anal canal and is sometimes the level
of reference for measurements taken during
endoscopy examination. The dentate line is, how-
ever, considered a more precise landmark . The
difference between the anal verge and the dentate
line is usually 1-2 cm. The epithelium distal to
the anal verge acquires hair follicles, glands,
including apocrine glands, and other features of
normal skin, and it is the source of perianal
hidradenitis suppurativa, an inflammation of the
apocrine glands.

L. C. C. Oliveira (ed.), Anorectal Physiology, https://doi.org/10.1007/978-3-030-43811-1_1
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The anal sphincter is a multilayered cylindri-
cal structure, with the innermost layer being the
anal lining, with the subsequent layers: internal
sphincter, the fat-containing intersphincteric
space with the longitudinal layer, and subse-
quently the outer striated muscle layer. The latter
constitutes the sling-like puborectalis muscle for
the upper half and the cylindrical external sphinc-
ter for the lower half.

Anatomic Versus Surgical Anal Canal

Two definitions are found describing the anal
canal (Fig. 1.1). The “anatomic” or “embryo-
logic” anal canal is only 2.0 cm long, extending
from the anal verge to the dentate line, the level
that corresponds to the proctodeal membrane.
The ““surgical” or “functional” anal canal is lon-
ger, extending for approximately 4.0 cm (in
men) from the anal verge to the anorectal ring
(Ievator ani). This “long anal canal” concept was
first introduced by Milligan and Morgan [10]
and has been considered, in spite of not being
proximally marked by any apparent epithelial or
developmental boundary, useful both as a physi-
ological and surgical parameter. The anorectal
ring is at the level of the distal end of the ampul-
lary part of the rectum and forms the anorectal
angle and the beginning of a region of higher

Fig. 1.1 Anal canal. In memorium Marcos Retzer
(illustrator)

intraluminal pressure. Therefore, this definition
correlates with digital, manometric, and sono-
graphic examinations.

Anatomic Relations of the Anal Canal
Posteriorly, the anal canal is related to the coccyx
and anteriorly to the perineal body and the lowest
part of the posterior vaginal wall in the female,
and to the urethra in the male. The ischium and
the ischiorectal fossa are situated on either side.
The ischiorectal fossa contains fat and the infe-
rior rectal vessels and nerves, which cross it to
enter the wall of the anal canal.

Anal Sphincter Support

General support is provided by the fibroelastic
network which is present within the anal sphinc-
ter and is continuous with the network outside the
sphincter traversing the perianal fat. This net-
work arises from the connective tissue within the
longitudinal layer (conjoined longitudinal coat).
The network extends 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.

Additional support is given anteriorly by the
perineal body and its attachments and by sup-
portive structures in the anovaginal septum in
females and Denonvilliers’ fascia in males.

Lateral support is given by the levator ani
muscle and superficial transverse perineal mus-
cles. Posterior support is given by the attachment
of the anococcygeal ligament to the coccyx and
superiorly by the continuity with the rectum.

Muscles of the Anal Canal

Internal Anal Sphincter

The internal anal sphincter represents the distal
2.5-4.0 cm condensation of the circular muscle
layer of the rectum. As a consequence of both
intrinsic myogenic and extrinsic autonomic neu-
rogenic properties, the internal anal sphincter is a
smooth muscle in a state of continuous maximal
contraction and represents a natural barrier to the
involuntary loss of stool and gas.
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— M. Retzer

Fig. 1.2 Muscles of the anal canal. In memorium Marcos
Retzer (illustrator)

The lower rounded edge of the internal anal
sphincter can be felt on physical examination,
about 1.2 cm distal to the dentate line. The groove
between the internal and external anal sphincter,
the intersphincteric sulcus, can be visualized or
easily palpated. Endosonographically, the inter-
nal anal sphincter is a 2- to 3-mm-thick circular
band and shows a uniform hypoechogenicity
(Fig. 1.2).

External Anal Sphincter

The external anal sphincter was initially described
as encompassing three divisions: subcutaneous,
superficial, and deep [10]. Goligher et al. [11]
described the external anal sphincter as a simple,
continuous sheet that forms, along with the
puborectalis and levator ani, one funnel-shaped
skeletal muscle.

The external sphincter is a cylindrical striated
muscle under voluntary control and comprises
predominantly slow-twitch muscle fibers, capa-
ble of prolonged contraction.

This muscle envelops the entire length of the
inner tube of smooth muscle, but it ends slightly
more distal than the internal anal sphincter. The

external sphincter has a thickness of 4 mm on
endoluminal imaging. A decrease in the thickness
of the external sphincter in men with age has
been demonstrated. In females this is also most
likely in normal aging; however, when coinciding
with external sphincter defects, this may lead to
incontinence. It extends approximately 1 cm
beyond the internal sphincter and has posterior
fibers continuous with the anococcygeal liga-
ment. Some of the anterior fibers decussate into
the superficial transverse perineal muscles and
perineal body. The deepest part of the external
anal sphincter is intimately related to the puborec-
talis muscle, which can be actually considered a
component of both the levator ani and the exter-
nal anal sphincter muscle complexes. Others con-
sidered the external anal sphincter as being
subdivided into two parts, deep (deep sphincter
and puborectalis) and superficial (subcutaneous
and superficial sphincter) [6, 12, 13]. Shafik [14]
proposed the three U-shaped loop system, but
clinical experience has not supported this schema.
The external anal sphincter is more likely to be
one muscle unit, attached by the anococcygeal
ligament posteriorly to the coccyx and anteriorly
to the perineal body, not divided into layers or
laminae. Nevertheless, differences in the arrange-
ment of the external anal sphincter have been
described between the sexes [15]. In the male, the
upper half of the external anal sphincter is envel-
oped anteriorly by the conjoined longitudinal
muscle, while the lower half is crossed by it. In
the female, the entire external anal sphincter is
encapsulated by a mixture of fibers derived from
both longitudinal and internal anal sphincter
muscles (Fig. 1.2).

Endosonographically, the puborectalis and the
external anal sphincter, despite their mixed linear
echogenicity, are both predominantly hyperecho-
genic, with a mean thickness of 6 mm (range,
5-8 mm). Distinction is made by position, shape,
and topography. Recently, both anal endosonog-
raphy and endocoil magnetic resonance imaging
have been used to detail the anal sphincter com-
plex in the living healthy subjects [16—19]. These
tests provide a three-dimensional mapping of the
anal sphincter; they help to study the differences
in the arrangement of the external anal sphincter
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between the sexes and uncover sphincter disrup-
tion or defect during vaginal deliveries. In addi-
tion, there is some degree of ‘“anatomical
asymmetry” of the external anal sphincter, which
accounts for both radial and longitudinal “func-
tional asymmetry” observed during anal manom-
etry [20].

The automatic continence mechanism is
formed by the resting tone, maintained by the
internal anal sphincter, magnified by voluntary
reflex, and resting external anal sphincter con-
tractile activities. In response to conditions of
threatened incontinence, such as increased intra-
abdominal pressure and rectal distension, the
external anal sphincter and puborectalis reflex-
ively and voluntarily contract further to prevent
fecal leakage. Because of muscular fatigue, max-
imal voluntary contraction of the external anal
sphincter can be sustained for only 30-60 sec-
onds. However, the external anal sphincter and
the pelvic floor muscles, unlike other skeletal
muscles, which are usually inactive at rest, main-
tain unconscious resting electrical tone through a
reflex arc at the cauda equina level. Histologic
studies have shown that the external anal sphinc-
ter, puborectalis, and levator ani muscles have a
predominance of type I fibers, which are a pecu-
liarity of skeletal muscles connecting tonic con-
tractile activity [21]. The external sphincter has a
nerve supply by the inferior rectal branch of the
pudendal nerve (S-2, S-3) and the perineal branch
of the fourth sacral nerve (S-4).

Conjoined Longitudinal Muscle

Whereas the inner circular layer of the rectum
gives rise to the internal anal sphincter, the
outer longitudinal layer, at the level of the ano-
rectal ring, mixes with fibers of the levator ani
muscle to form the conjoined longitudinal mus-
cle [22]. This muscle descends between the
internal and external anal sphincter, and ulti-
mately some of its fibers, referred to as the cor-
rugator cutis ani muscle, traverse the lowermost
part of the external anal sphincter to insert into
the perianal skin. Some of these fibers may
enter the fat of the ischiorectal fossa [23]. Other
sources for the striated component of the con-

joined longitudinal muscle include the puborec-
talis and deep external anal sphincter, the
pubococcygeus and top loop of the external
anal sphincter, and the lower fibers of the
puborectalis [7, 24, 25]. In its descending
course, the conjoined longitudinal muscle may
give rise to medial extensions that cross the
internal anal sphincter to contribute the smooth
muscle of the submucosa (musculus canalis
ani, sustentator tunicae mucosae, Treitz mus-
cle, musculus submucosae ani) (Fig. 1.2) [26].

Possible functions of the conjoined longitudi-
nal muscle include attaching the anorectum to
the pelvis and acting as a skeleton that supports
and binds the internal and external sphincter
complex together [23]. Haas and Fox [27] con-
sider that the meshwork formed by the conjoined
longitudinal muscle may minimize functional
deterioration of the sphincters after surgical divi-
sion and act as a support to prevent hemorrhoidal
and rectal prolapse. In addition, the conjoined
longitudinal muscle and its extensions to the
intersphincteric plane divide the adjacent tissues
into subspaces and may actually play a role in
the septation of thrombosed external hemor-
rhoids and containment of sepsis [7]. Finally,
Shafik [24] ascribes to the conjoined longitudi-
nal muscle the action of shortening and widen-
ing of the anal canal as well as eversion of the
anal orifice and proposed the term evertor ani
muscle. This is controversial. In addition to this
primary function during defecation, a limited
role in anal continence, specifically a potential-
ization effect in maintaining an anal seal, has
also been proposed [24].

Histology of the Anal Canal

The lining of the anal canal consists of an upper
mucosal (endoderm) and a lower cutaneous
(ectoderm) segment (Figs. 1.1 and 1.2). The den-
tate (pectinate) line is the “saw-toothed” junction
between these two distinct origins of venous and
lymphatic drainage, nerve supply, and epithelial
lining. Above this level, the intestine is inner-
vated by the sympathetic and parasympathetic
systems, with venous, arterial, and lymphatic
drainage to and from the hypogastric vessels.
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Distal to the dentate line, the anal canal is inner-
vated by the somatic nervous system, with blood
supply and drainage from the inferior hemor-
rhoidal system. These differences are important
when the classification and treatment chosen for
hemorrhoids are considered.

The pectinate or dentate line corresponds to a
line of anal valves that represent remnants of the
proctodeal membrane. Above each valve, there is
a little pocket known as an anal sinus or crypt.
These crypts are connected to a variable number
of glands, in average 6 (range, 3—12) [28, 29].
The anal glands first described by Chiari [30] in
1878 are more concentrated in the posterior
quadrants. More than one gland may open into
the same crypt, while half the crypts have no
communication. The anal gland ducts, in an out-
ward and downward route, enter the submucosa;
two-thirds enter the internal anal sphincter, and
half of them terminate in the intersphincteric
plane [29]. Obstruction of these ducts, presum-
ably by accumulation of foreign material in the
crypts, may lead to perianal abscesses and fistu-
las [31]. Cephalad to the dentate line, 8—14 longi-
tudinal folds, known as the rectal columns
(columns of Morgagni), have their bases con-
nected in pairs to each valve at the dentate line.
At the lower end of the columns are the anal
papillae. The mucosa in the area of the columns
consists of several layers of cuboidal cells and
has a deep purple color because of the underlying
internal hemorrhoidal plexus. This 0.5- to 1.0-cm
strip of mucosa above the dentate line is known
as the anal transition or cloacogenic zone.
Cephalad to this area, the epithelium changes to a
single layer of columnar cells and macroscopi-
cally acquires the characteristic pink color of the
rectal mucosa.

The cutaneous part of the anal canal consists
of modified squamous epithelium that is thin,
smooth, pale, stretched, and devoid of hair and
glands. The terms pecten and pecten band have
been used to define this segment [32]. However,
as pointed out by Goligher, the round band of
fibrous tissue called pecten band, which is
divided in the case of anal fissure (pectenotomy),
probably represents the spastic internal anal
sphincter [11, 33].

Anorectal Spaces
There are several spaces around the rectum and
anal canal that are clinically significant.

These spaces normally contain loose areolar
tissue or fat. These spaces include ischiorectal,
perianal, intersphincteric, submucous, superficial
postanal, deep postanal, supralevator, and retro-
rectal spaces.

The intersphincteric space exists between
internal and external sphincter muscles and is
contiguous with the supralevator space superi-
orly, which is covered by peritoneum. It is impor-
tant in the genesis of perianal abscess, because
most of the anal glands end in this space. Lateral
to the external sphincter lies the triangular ischio-
anal space which is bordered superiorly by the
levator ani muscle.

Posteriorly, the most caudal space is the super-
ficial postanal space that terminates at the coccyx.

Above the superficial postanal space is the
anococcygeal ligament, and deep to this liga-
ment, but below the levator ani muscle, is the
deep postanal space of Courtney (retro-
sphincteric space). This space is continuous later-
ally with each ischioanal space and when infected
can create a large “horseshoe” abscess.

Above the levator ani, below and posterior to
the rectum, and anterior and superior to the
sacrum is the supralevator space that can extend
into the retroperitoneum.

The ischiorectal fossa is subdivided by a thin
horizontal fascia into two spaces: the perianal and
ischiorectal. The ischiorectal space comprises the
upper two-thirds of the ischiorectal fossa. It is
pyramid-shaped, situated on both sides between
the anal canal and the lower part of the rectum
medially and the side wall of the pelvis laterally
[34]. The apex is at the origin of the levator ani
muscle from the obturator fascia; the base is the
perianal space. Anteriorly, the fossa is bounded by
the urogenital diaphragm and transversus perinei
muscle. Posterior to the ischiorectal fossa is the
sacrotuberous ligament and the inferior border of
the gluteus maximus. On the superolateral wall,
the pudendal nerve and the internal pudendal ves-
sels run in the pudendal canal (Alcock’s canal).
The ischiorectal fossa contains fat and the inferior
rectal vessels and nerves.
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The perianal space surrounds the lower part
of the anal canal and contains the external hem-
orrhoidal plexus, the subcutaneous part of the
external anal sphincter, the lowest part of the
internal anal sphincter, and fibers of the longi-
tudinal muscle. This space is the typical site of
anal hematomas, perianal abscesses, and anal
fistula tracts. The perianal space is continuous
with the subcutaneous fat of the buttocks later-
ally and extends into the intersphincteric space
medially. The submucous space is situated
between the internal anal sphincter and the
mucocutaneous lining of the anal canal. This
space contains the internal hemorrhoidal plexus
and the muscularis submucosae ani. Above, it is
continuous with the submucous layer of the
rectum, and, inferiorly, it ends at the level of the
dentate line.

The supralevator spaces are situated between
the peritoneum superiorly and the levator ani
inferiorly. Medially, these bilateral spaces are
limited by the rectum and laterally by the obtura-
tor fascia. Supralevator abscesses may occur as a
result of upward extension of a cryptoglandular
infection or develop from a pelvic origin. The ret-
rorectal space is located between the fascia pro-
pria of the rectum anteriorly and the presacral
fascia posteriorly. Laterally are the lateral rectal
ligaments and inferiorly the rectosacral ligament,
and above the space is continuous with the retro-
peritoneum. The retrorectal space is a site for
embryologic remnants and rare presacral tumors
(Fig. 1.3) [35].

Rectum

Both proximal and distal limits of the rectum
are controversial: the rectosigmoid junction is
considered to be at the level of the third sacral
vertebra by anatomists but at the sacral prom-
ontory by surgeons, and likewise, the distal
limit is regarded to be the muscular anorectal
ring by surgeons and the dentate line by anato-
mists [36, 37]. The rectum measures 12—-15 cm
in length and has three lateral curves: the upper
and lower are convex to the right, and the mid-
dle is convex to the left [38]. These curves cor-
respond intraluminally to the folds or valves of
Houston. The rectum has two or three curves
within its lumen, created by submucosal folds
called the valves of Houston. The peritoneum
covers the upper two-thirds of the rectum ante-
riorly but only the upper third laterally. The two
left-sided folds are usually noted at 7-8 cm and
at 12-13 cm, respectively, and the one on the
right is generally at 9—11 cm. The middle valve
(Kohlrausch’s plica) is the most consistent in
presence and location and corresponds to the
level of the anterior peritoneal reflection. The
rectal valves do not contain all the muscle wall
layers and do not have a specific function.
However, from a clinical point of view, they
represent adequate locations for performing a
rectal biopsy, as they are readily accessible
with minimal risk for perforation [13, 39]. The
valves of Houston are absent after mobilization
of the rectum, and this is attributed to the 5-cm

Fig. 1.3 Para-anal and pararectal spaces. (a) Lateral view—male (b) frontal view (c) lateral view—female. In memo-
rium Marcos Retzer (illustrator)
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length gained following complete surgical dis-
section. The rectal mucosa is smooth, pink, and
transparent, which allows visualization of small
and large submucosal vessels. This characteris-
tic “vascular pattern” disappears in inflamma-
tory conditions and in melanosis coli.

The rectum is characterized by its wide, eas-
ily distensible lumen and the absence of taeniae,
epiploic appendices, haustra, or a well-defined
mesentery. The prefix “meso,” in gross anatomy,
refers to two layers of peritoneum that suspend
an organ. Normally the rectum is not suspended
but entirely extraperitoneal on its posterior
aspect and closely applied to the sacral hollow.
Consequently, the term “mesorectum” is ana-
tomically inapplicable. An exception, however,
is that a peritonealized mesorectum may be
noted in patients with procidentia. But, the word
“mesorectum” has gained widespread popular-
ity among surgeons to address the perirectal
areolar tissue, which is thicker posteriorly, con-
taining terminal branches of the inferior mesen-
teric artery and enclosed by the fascia propria
[40, 41]. The “mesorectum” may be a metastatic
site for a rectal cancer and is removed during
surgery for rectal cancer without neurologic
sequelae, as no functionally significant nerves
pass through it.

The upper third of the rectum is anteriorly and
laterally invested by peritoneum; the middle third
is covered by peritoneum on its anterior aspect
only. Finally, the lower third of the rectum is
entirely extraperitoneal, as the anterior peritoneal
reflection occurs at 9.0-7.0 cm from the anal
verge in men and at 7.5-5.0 cm from the anal
verge in women.

Relations of the Rectum

The rectum occupies the sacral concavity and
ends 2-3 cm anteroinferior from the tip of the
coccyx. At this point it angulates backward
sharply to pass through the levators and becomes
the anal canal. Anteriorly, in women, the rectum
is closely related to the uterine cervix and poste-
rior vaginal wall; in men it lies behind the blad-
der, vas deferens, seminal vesicles, and prostate.
Posterior to the rectum lie the median sacral ves-
sels and the roots of the sacral nerve plexus.

Fascial Relationship of the Rectum

The parietal endopelvic fascia lines the walls and
floor of the pelvis and continues on the internal
organs as a visceral pelvic fascia (Fig. 1.3) [42,
43]. Thus, the fascia propria of the rectum is an
extension of the pelvic fascia, enclosing the rec-
tum, fat, nerves, and the blood and lymphatic
vessels. It is more evident in the posterior and
lateral extraperitoneal aspects of the rectum.

The lateral ligaments or stalks of the rectum
are distal condensations of the pelvic fascia that
form a roughly triangular structure with a base on
the lateral pelvic wall and an apex attached to the
lateral aspect of the rectum [33]. Still subject of
misconception, the lateral stalks are comprised
essentially of connective tissue and nerves and
that the middle rectal artery does not traverse the
lateral stalks of the rectum. Branches, however,
course through in approximately 25% of cases
[44]. Consequently, division of the lateral stalks
during rectal mobilization is associated with a
25% risk for bleeding. Although the lateral stalks
do not contain important structures, the middle
rectal artery and the pelvic plexus are both closely
related, running, at different angles, underneath it
[45]. One theoretical concern in ligation of the
stalks is leaving behind lateral mesorectal tissue,
which may limit adequate lateral or mesorectal
margins during cancer surgery [40, 41, 46].

The presacral fascia is a thickened part of the
parietal endopelvic fascia that covers the concav-
ity of the sacrum and coccyx, nerves, the middle
sacral artery, and presacral veins. Operative dis-
section deep to the presacral fascia may cause
troublesome bleeding from the underlying presa-
cral veins. Presacral hemorrhage occurs as fre-
quently as 4.6-7.0% of resections for rectal
neoplasms and, despite its venous nature, can be
life-threatening [47—49]. This is a consequence
of two factors: the difficulty in securing control
because of retraction of the vascular stump into
the sacral foramen and the high hydrostatic pres-
sure of the presacral venous system. The presa-
cral veins are avalvular and communicate via
basivertebral veins with the internal vertebral
venous system. The adventitia of the basiverte-
bral veins adheres firmly to the sacral periosteum
at the level of the ostia of the sacral foramina,
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mainly at the level of S-3—S-4. With the patient in
the lithotomy position, the presacral veins can
attain hydrostatic pressures of 17-23 cm H,O,
two to three times the normal pressure of the
inferior vena cava [48].

The rectosacral fascia is an anteroinferior
directed thick fascial reflection from the presa-
cral fascia at the S-4 level to the fascia propria of
the rectum just above the anorectal ring [49]. The
rectosacral fascia, classically known as the fascia
of Waldeyer, is an important landmark during
posterior rectal dissection [2, 50].

The visceral pelvic fascia of Denonvilliers is a
tough investing fascia that separates the extra-
peritoneal rectum anteriorly from the prostate
and seminal vesicles or the vagina [50]. Therefore,
three structures lie between the anterior rectal
wall and the seminal vesicles and prostate: “ante-
rior mesorectum,” fascia propria of the rectum,
and Denonvilliers’ fascia. A consensus has gen-
erally been reached about the anatomy of the
plane of posterior and lateral rectal dissection,
but anteriorly, the matter is more controversial.
The anterior plane of rectal dissection may not
necessarily follow the same plane of posterior
and lateral dissection, and the use of the terms
close rectal, mesorectal, and extramesorectal has
been recently suggested to describe the available
anterior planes [51]. The close rectal or peri-
muscular plane lies inside the fascia propria of
the rectum, and therefore, it is more difficult and
bloody than the mesorectal plane. The mesorectal
plane represents the continuation of the same
plane of posterior and lateral dissection of the
rectum. This is a natural anatomical plane and
consequently more appropriate for most rectal
cancers. Finally, the extra mesorectal plane
involves resection of the Denonvilliers’ fascia,
with exposure of prostate and seminal vesicles,
and associated with high risk of mixed parasym-
pathetic and sympathetic injury due to damage of
the periprostatic plexus.

Identification of the ureters is advisable to
avoid injury to their abdominal or pelvic portions
during colorectal operations. On both sides, the
ureters rest on the psoas muscle in their infero-
medial course; they are crossed obliquely by the
spermatic vessels anteriorly and the genitofemo-
ral nerve posteriorly. In its pelvic portion, the

ureter crosses the pelvic brim in front of or a little
lateral to the bifurcation of the common iliac
artery and descends abruptly between the perito-
neum and the internal iliac artery. Before enter-
ing the bladder in the male, the vas deferens
crosses lateromedially on its superior aspect. In
the female, as the ureter traverses the posterior
layer of the broad ligament and the parametrium
close to the side of the neck of the uterus and
upper part of the vagina, it is enveloped by the
vesical and vaginal venous plexuses and is
crossed above and lateromedially by the uterine
artery (Fig. 1.4).

Arterial Supply of the Rectum
and Anal Canal

The superior hemorrhoidal artery is the continua-
tion of the inferior mesenteric artery, once it
crosses the left iliac vessels [52]. The artery
descends in the sigmoid mesocolon to the level of
S-3 and then to the posterior aspect of the rectum.
In 80% of cases, it bifurcates into right, usually
wider, and left terminal branches; multiple
branches are present in 17% [53]. These divi-
sions, once within the submucosa of the rectum,
run straight downward to supply the lower rec-
tum and the anal canal. Approximately five
branches reach the level of the rectal columns and
condense in capillary plexuses, mostly at the
right posterior, right anterior, and left lateral posi-
tions, corresponding to the location of the major
internal hemorrhoidal groups [54, 55].

The superior and inferior hemorrhoidal arter-
ies represent the major blood supply to the ano-
rectum. In addition, it is also supplied by the
internal iliac arteries [56].

The contribution of the middle hemorrhoidal
artery varies with the size of the superior hemor-
rhoidal artery; this may explain its controversial
anatomy. Some authors report absence of the
middle hemorrhoidal artery in 40-88% [57, 58],
whereas others identify it in 94-100% of speci-
mens [53]. It originates more commonly from the
anterior division of the internal iliac or the
pudendal arteries and reaches the rectum. The
middle hemorrhoidal artery reaches the lower
third of the rectum anterolaterally, close to the
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Fig. 1.4 Fascial relationships of the rectum: (a) male (b)

level of the pelvic floor and deep to the levator
fascia. It therefore does not run in the lateral liga-
ments, which are inclined posterolaterally [2].
The middle hemorrhoidal artery is more prone to
be injured during low anterior resection, when
anterolateral dissection of the rectum is per-
formed close to the pelvic floor and the prostate
and seminal vesicles or upper part of the vagina
are being separated [45]. The anorectum has a
profuse intramural anastomotic network, which
probably accounts for the fact that division of
both superior and middle hemorrhoidal arteries
does not result in necrosis of the rectum.

The paired inferior hemorrhoidal arteries are
branches of the internal pudendal artery, which in
turn is a branch of the internal iliac artery. The
inferior hemorrhoidal artery arises within the
pudendal canal and is throughout its course
entirely extrapelvic. It traverses the obturator fas-
cia, the ischiorectal fossa, and the external anal
sphincter to reach the submucosa of the anal
canal, ultimately ascending in this plane.
Klosterhalfen et al. [4] performed postmortem
angiographic, manual, and histologic evaluations
and demonstrated that in 85% of cases, the poste-
rior commissure was less well perfused than were
the other sections of the anal canal. In addition,
the blood supply could be jeopardized by contu-
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sion of the vessels passing vertically through the
muscle fibers of the internal anal sphincter with
increased sphincter tone. The resulting decreased
blood supply could lead to ischemia at the poste-
rior commissure, in a pathogenetic model of pri-
mary anal fissure.

Venous Drainage and Lymphatic
Drainage of the Rectum and Anal
Canal

The anorectum also drains, via middle and infe-
rior hemorrhoidal veins, to the internal iliac vein
and then to the inferior vena cava. Although it is
still a controversial subject, the presence of com-
munications among these three venous systems
may explain the lack of correlation between por-
tal hypertension and hemorrhoids [59]. The
paired inferior and middle hemorrhoidal veins
and the single superior hemorrhoidal vein origi-
nate from three anorectal arteriovenous plexuses.
The external hemorrhoidal plexus, situated
subcutaneously around the anal canal below the
dentate line, constitutes when dilated the external
hemorrhoids. The internal hemorrhoidal plexus is
situated submucosally, around the upper anal
canal and above the dentate line. The internal
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hemorrhoids originate from this plexus. The peri-
rectal or perimuscular rectal plexus drains to the
middle and inferior hemorrhoidal veins.

Lymph from the upper two-thirds of the rec-
tum drains exclusively upward to the inferior
mesenteric nodes and then to the para-aortic
nodes. Lymphatic drainage from the lower third
of the rectum occurs not only cephalad, along the
superior hemorrhoidal and inferior mesentery
arteries, but also laterally, along the middle hem-
orrhoidal vessels to the internal iliac nodes.
Studies using lymphoscintigraphy have failed to
demonstrate communications between inferior
mesenteric and internal iliac lymphatics [60]. In
the anal canal, the dentate line is the landmark for
two different systems of lymphatic drainage:
above, to the inferior mesenteric and internal
iliac nodes, and below, along the inferior rectal
lymphatics to the superficial inguinal nodes, or
less frequently along the inferior hemorrhoidal
artery. In the female, drainage at 5 cm above the
anal verge in the female lymphatic may also
spread to the posterior vaginal wall, uterus, cer-
vix, broad ligament, fallopian tubes, ovaries, and
cul-de-sac, and at 10 cm above the anal verge,
spread seems to occur only to the broad ligament
and cul-de-sac [61].

Innervation of the Rectum and Anal
Canal

The sympathetic supply of the rectum and the left
colon arises from L-1, L-2, and L-3 (Fig. 1.4).
Preganglionic fibers, via lumbar sympathetic
nerves, synapse in the preaortic plexus, and the
postganglionic fibers follow the branches of the
inferior mesenteric artery and superior rectal
artery to the left colon and upper rectum. The
lower rectum is innervated by the presacral
nerves, which are formed by fusion of the aortic
plexus and lumbar splanchnic nerves. Just below
the sacral promontory, the presacral nerves form
the hypogastric plexus (or superior hypogastric
plexus). Two main hypogastric nerves, on either
side of the rectum, carry sympathetic innervation
from the hypogastric plexus to the pelvic plexus.
The pelvic plexus lies on the lateral side of the

pelvis at the level of the lower third of the rectum,
adjacent to the lateral stalks.

The parasympathetic fibers to the rectum and
anal canal emerge through the sacral foramen and
are called the nervi erigentes (S-2, S-3, and S-4).
They pass laterally, forward and upward to join
the sympathetic hypogastric nerves at the pelvic
plexus.

From the pelvic plexus, combined postgangli-
onic parasympathetic and sympathetic fibers are
distributed to the left colon and upper rectum via
the inferior mesenteric plexus and directly to the
lower rectum and upper anal canal. The peripros-
tatic plexus, a subdivision of the pelvic plexus
situated on Denonvilliers’ fascia, supplies the
prostate, seminal vesicles, corpora cavernosa,
vas deferens, urethra, ejaculatory ducts, and bul-
bourethral glands. Sexual function is regulated
by cerebrospinal, sympathetic, and parasympa-
thetic components. Erection of the penis is
mediated both parasympathetic (arteriolar vaso-
dilatation) and sympathetic inflow (inhibition of
vasoconstriction).

All pelvic nerves lie in the plane between the
peritoneum and the endopelvic fascia and are in
danger of injury during rectal dissection.
Permanent bladder paresis occurs in 7-59% of
patients after abdominoperineal resection of the
rectum [62]; the incidence of impotence is
reported to range from 15% to 45% and that of
ejaculatory dysfunction from 32% to 42% [62].
The overall incidence of sexual dysfunction after
proctectomy has been reported to reach 100%
when wide dissection is performed for malignant
disease [63—66]; however, this kind of procedure
is unnecessary, and these rates are much lower
for benign conditions, such as inflammatory
bowel disease (0-6%) [64, 65,67, 68]. Dissections
performed for benign conditions are undertaken
closer to the bowel wall, thus reducing the possi-
bility of nerve injury [69].

Trauma to the autonomic nerves may occur at
several points. During high ligation of the inferior
mesenteric artery, close to the aorta, the sympa-
thetic preaortic nerves may be injured. Division
of both superior hypogastric plexus and hypogas-
tric nerves may occur also during dissection at
the level of the sacral promontory or in the presa-
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cral region. In such circumstances, sympathetic
denervation with intact nervi erigentes results in
retrograde ejaculation and bladder dysfunction.
The nervi erigentes are located in the posterolat-
eral aspect of the pelvis and at the point of fusion
with the sympathetic nerves are closely related to
the middle hemorrhoidal artery. Injury to these
nerves will completely abolish erectile function
[67]. The pelvic plexus may be damaged either
by excessive traction on the rectum, particularly
laterally, or during division of the lateral stalks
when this is performed close to the lateral pelvic
wall. Finally, dissection near the seminal vesicles
and prostate may damage the periprostatic
plexus, leading to a mixed parasympathetic and
sympathetic injury. This can result in erectile
impotence as well as a flaccid, neurogenic blad-
der. Sexual complications after rectal surgery are
readily evident in men but are probably underdi-
agnosed in women (Fig. 1.5) [70, 71].

Fig. 1.5 Innervation of the colon, rectum, and anal canal.
In memorium Marcos Retzer (illustrator)

Anatomy of the Pelvic Floor
Pelvic Floor Musculature

The pelvic floor is a complex interrelated struc-
ture of muscles, ligaments, and fascia with mul-
tiple functions. These functions concern support
of visceral organs, maintaining continence, facil-
itating micturition and evacuation, as well as
forming part of the birth canal. This multifunc-
tional unit has connections to the pelvis, to
organs, and to the extensive fibroelastic network
in the fat containing anatomical spaces. The pel-
vic floor is traversed by the urethra and anal
sphincters and, in women, the vagina.

Understanding the anatomic relationship of
the pelvic floor muscles with the pelvic girdle,
spine, and hips aids the rehabilitation provider
in diagnosis, management, and appropriate
referrals.

The muscles within the pelvis can be divided
into three categories: (1) the anal sphincter com-
plex, (2) pelvic floor muscles, and (3) muscles
that line the sidewalls of the osseous pelvis [34].
Muscles in this last category form the external
boundary of the pelvis and include the obturator
internus and piriformis. These muscles, com-
pared to the other two groups, lack clinical rele-
vance to anorectal diseases; however, they
provide an open communication for pelvic infec-
tion to reach extrapelvic spaces. For example,
infection from the deep postanal space, which
originated from posterior midline glands, can
track along the obturator internus fascia and
reach the ischiorectal fossa. The anal sphincter
and pelvic floor muscles, based on phylogenetic
studies, derive from two embryonic cloaca
groups, respectively, sphincteric and lateral com-
pressor [72]. The sphincteric group is present in
almost all animals. In mammals, this group is
divided into ventral (urogenital) and dorsal (anal)
components [73]. In primates, the latter form the
external anal sphincter. The lateral compressor or
pelvicaudal group connects the rudimentary pel-
vis to the caudal end of the vertebral column.
This group is more differentiated and subdivided
into lateral and medial compartments only in rep-
tiles and mammals. The homolog of the lateral
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compartment is the ischiococcygeus and of the
medial, pelvicaudal compartment, the pubococ-
cygeus and ileococcygeus. In addition, most pri-
mates possess a variably sized group of muscle
fibers close to the inner border of the medial pel-
vicaudal muscle, which attaches the rectum to the
pubis. In humans, the fibers are more distinct and
known as the puborectalis muscle.

Levator Ani

The levator ani muscle, or pelvic diaphragm,
comprises the major component of the pelvic
floor. It is a pair of broad, symmetric sheets com-
posed of three striated muscles: ileococcygeus,
pubococcygeus, and puborectalis (Fig. 1.6). A
variable fourth component, the ischiococcygeus
or coccygeus, is rudimentary in humans and rep-
resented by only a few muscle fibers on the sur-
face of the sacrospinous ligament. The levator
ani is supplied by sacral roots on its pelvic sur-
face (S-2, S-3, and S-4) and by the perineal
branch of the pudendal nerve on its inferior sur-
face. The puborectalis muscle receives additional
innervation from the inferior rectal nerves.

The ileococcygeus muscles arise from the
ischial spine and posterior part of the obturator
fascia and course inferiorly and medially to insert
into the lateral aspects of S-3 and S-4, the coccyx,
and the anococcygeal raphe. The pubococcygeus

M RELTeT

arises from the posterior aspect of the pubis and
the anterior part of the obturator fascia; it runs
dorsally alongside the anorectal junction to
decussate with fibers of the opposite side at the
anococcygeal raphe and inserts into the anterior
surface of the fourth sacral and first coccygeal
segments.

The pelvic floor is “incomplete” in the midline
where the lower rectum, urethra, and either the
dorsal vein of the penis in men or the vagina in
women pass through it. This defect is called the
levator hiatus and consists of an elliptic space
situated between the two pubococcygeus mus-
cles. The hiatal ligament, originating from the
pelvic fascia, keeps the intrahiatal viscera
together and prevents their constriction during
contraction of the levator ani. A possible (but
controversial) dilator function has been attributed
to the anococcygeal raphe because of its criss-
cross arrangement [14].

The puborectalis muscle is a strong, U-shaped
loop of striated muscle that slings the anorectal
junction to the posterior aspect of the pubis. The
puborectalis is the most medial portion of the
levator ani muscle. It is situated immediately
cephalad to the deep component of the external
sphincter. Because the junction between the two
muscles is indistinct and they have similar inner-
vation (pudendal nerve), the puborectalis has

Fig. 1.6 Levator ani muscle. (a) Superior and (b) Pelvic floor muscles: (1) puborectal muscle; (2) pubococcygeus or
pubovisceral; (3) iliococcygeus; (4) Ischiococcygeus. In memorium Marcos Retzer (illustrator)
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been regarded by some authors as a part of the
external anal sphincter and not of the levator ani
complex [14, 15]. Anatomic and phylogenetic
studies suggest that the puborectalis may be a
part of the levator ani [73] or of the external anal
sphincter [25, 72]. Embryologically, the puborec-
talis has a common primordium with the ileococ-
cygeus and pubococcygeus muscles, and it is
never connected with the external anal sphincter
during the different stages of development [6]. In
addition, neurophysiologic studies have implied
that the innervation of these muscles may not be
the same, because stimulation of the sacral nerves
results in electromyographic activity in the ipsi-
lateral puborectalis muscle but not in the external
anal sphincter [74]. Currently, due to this contro-
versy, the puborectalis has been considered to
belong to both muscular groups, the external anal
sphincter and the levator ani [75].

Anorectal Ring and the Anorectal

Angle

Two anatomic structures of the junction of the
rectum and anal canal are related to the puborec-
talis muscle: the anorectal ring and the anorectal
angle. The anorectal ring, term coined by
Milligan and Morgan [10], is a strong muscular
ring that represents the upper end of the sphinc-
ter, more precisely the puborectalis, and the
upper border of the internal anal sphincter,
around the anorectal junction. Despite its lack of
embryologic significance, it is an easily recog-
nized boundary of the anal canal appreciated on
physical examination, and it is of clinical rele-
vance, as division of this structure during surgery
for abscesses or fistula inevitably results in fecal
incontinence.

The anorectal angle is thought to be the result
of the anatomic configuration of the U-shaped
sling of puborectalis muscle around the anorectal
junction. Whereas the anal sphincters are respon-
sible for closure of the anal canal to retain gas
and liquid stool, the puborectalis muscle and the
anorectal angle are designed to maintain gross
fecal continence. Different theories have been
postulated to explain the importance of the
puborectalis and the anorectal angle in the main-
tenance of fecal continence. Parks et al. [76]

opined that increasing intra-abdominal pressure
forces the anterior rectal wall down into the upper
anal canal, occluding it by a type of flap valve
mechanism that creates an effective seal.
Subsequently, it has been demonstrated that the
flap mechanism does not occur. Instead, a con-
tinuous sphincteric occlusion-like activity that is
attributed to the puborectalis is noted [77, 78].

Blood Supply

Within the abdomen, the inferior mesenteric
artery branches into the left colic artery and two
to six sigmoidal arteries. After crossing the left
common iliac artery, it acquires the name supe-
rior hemorrhoidal artery (superior rectal artery).
The sigmoidal arteries form arcades within the
sigmoid mesocolon, resembling the small-bowel
vasculature, and anastomose with branches of the
left colic artery proximally and with the superior
hemorrhoidal artery distally. The marginal artery
terminates within the arcade of sigmoidal arter-
ies. The superior hemorrhoidal artery is the con-
tinuation of the inferior mesenteric artery, once it
crosses the left iliac vessels. The artery descends
in the sigmoid mesocolon to the level of S-3 and
then to the posterior aspect of the rectum. In 80%
of cases, it bifurcates into right and left terminal
branches; multiple branches are present in 17%
[79]. These divisions, once within the submucosa
of the rectum, run straight downward to supply
the lower rectum and the anal canal.

The venous drainage basically follows its arte-
rial supply. Blood from the right colon, via the
superior mesenteric vein, and from left colon and
rectum, via the inferior mesenteric vein, reaches
the intrahepatic capillary bed through the portal
vein.

Collateral Circulation

A potential area of discontinuity of the marginal
artery is the Sudeck’s critical point, situated
between the lowest sigmoid and the superior
hemorrhoidal arteries; however, both surgical
experience and radiological studies have demon-
strated adequate communications between these
vessels [80]. There is also a collateral network
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involving middle hemorrhoidal, internal iliac,
and external iliac arteries which could poten-
tially prevent gangrene of the pelvis and even the
lower extremities in case of occlusion of the dis-
tal aorta [81, 82].

Lymphatic Drainage

The submucous and subserous layers of the rec-
tum have a rich network of lymphatic plexuses,
which drain into an extramural system of lymph
channels and follow their vascular supply [61].
They are more numerous in the sigmoid and are
known in the rectum as the nodules of Gerota.
The lymphatic drainage from all parts of the
colon follows its vascular supply. Colorectal car-
cinoma staging systems are based on the neoplas-
tic involvement of these various lymph node
groups.

Innervation

The pelvic floor muscles receive innervation
through somatic, visceral, and central pathways.
Skin innervation of the lower trunk, perineum,
and proximal thigh is mediated through the ilio-
hypogastric, ilioinguinal, and genitofemoral
nerves (L1-L3). The sympathetic and parasym-
pathetic components of the autonomic innerva-
tion of the rectum closely follow the blood
supply.

Perhaps the most clinically relevant nerve to
this article is the pudendal nerve and its branches
(Fig. 1.5). Arising from the ventral branches of
S-2-S-4 of the sacral plexus, the pudendal nerve
passes between the piriformis and coccygeal
muscle as it traverses through the greater sciatic
foramen, over the spine of the ischium, and back
into the pelvis through the lesser sciatic fora-
men. It courses along the lateral wall of the
ischiorectal fossa where it is contained in a
sheath of the obturator fascia termed the puden-
dal (or Alcock’s) canal. There are three main ter-
minal branches of the pudendal nerve—the
inferior rectal nerve (which typically originates
proximal to Alcock’s canal), the perineal nerve,
and the dorsal nerve of the penis/clitoris. The
pudendal nerve innervates the penis/clitoris, the
bulbospongiosus and ischiocavernosus muscles,
the perineum, the anus, the external anal sphinc-

ter, and the urethral sphincter. This nerve con-
tributes to external genital sensation, continence,
orgasm, and ejaculation. Muscles of the levator
ani are thought to have direct innervation from
sacral nerve roots S-3-S-5.

Summary

Anorectal and pelvic floor anatomy is complex,
and the understanding of its dynamic interactions
depends on the integrity of each one of its compo-
nents. Classical anatomic dissections and studies
are now associated to dynamic tridimensional
engineering reconstructions and to high-
technology image-retrieving systems, including
magnetic resonance and ultrasonographic devices.

The interaction between normal anatomy and
physiological events, childbirth, and variation in
bowel habits pregnancy may result in a myriad of
pelvic dysfunction. And by the proper recogniz-
ing of all the components of the system (anat-
omy) is possible to understand how it works
(physiology) and, therefore, is possible to com-
prehend its malfunctions (pathophysiology).
Understanding of the anatomy of the pelvis and
its three compartments’ (urological, gynecologi-
cal, and anorectal) interaction is essential to fully
diagnose patients’ symptoms and to properly
treat them.
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Introduction

The maintenance of continence and defecation is
determined by complex and multifactorial mech-
anisms, involving the integration of somatic and
visceral functions, under the control of the cen-
tral nervous system [1]. Therefore, there is an
interaction between the brain, spinal cord, enteric
neurons, and the muscle of the colon, the rectum,
anus, and pelvic floor. Those structures are coor-
dinated and are dependent on conscious control.
The defecation process is triggered by the
arrival of feces into the rectum as a result of the
peristaltic movements of the colon. As the peri-
staltic movements increase, the rectum receives a
larger quantity of feces thus triggering the reflex
of defecation. At that moment, the individual is
able to control the involuntary passage of feces
and gases through the voluntary contraction of
the external sphincter muscle, and the puborecta-
lis muscle, and the formation of the anorectal
angle. At the appropriate time, the defecation
reflex initiates the process of elimination of the
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rectal contents, when abdominal muscles,
through the abdominal press, help the expulsion
of this content and the pelvic floor relaxes with
the opening of the anal canal, allowing the pas-
sage of feces. In fact, the defecation process is
very complex and not very well understood.

Several theories have been proposed to explain
the mechanism of anal continence [1, 2]. In 1965,
Phillips and Edward [3] proposed a mechanism
similar to that of the esophageal sphincter, believ-
ing that there would be a high-pressure zone cre-
ated by the abdominal muscles which would
prevent the passage of stools to the anal canal.
However, other authors demonstrated that, in
fact, the high-pressure zone was below the leva-
tor muscles at the level of the anal canal [4].
Another hypothesis postulated by Parks [5], in
1975, was that the anorectal angle would func-
tion as a valve, controlling the passage of the
feces in dependence on the change of this angle
by the movement of the pelvic floor muscles.
However, as comparative imaging studies in
incontinent patients demonstrated that many of
them had normal anorectal angles, these theories
were abandoned, and emphasis was placed on
sphincter action [6-9]. Similarly, incontinent
patients undergoing Parks’ surgery, with correc-
tion of the supposed abnormal anorectal angle,
remained incontinent despite the correction of
this anatomy.

The coexistence of incontinence and intesti-
nal constipation in the same patient may be
related to rectal dysfunction, with fecal leakage
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after bowel movements. A recent theory to
explain defecation process was proposed by
Petros and Swash: [10] the external striated mus-
cle mechanism when stretched opens both walls
of the anorectum; the puborectalis muscle
(PRM) relaxes, relieving the closure pressure on
the posterior rectal wall, thereby allowing the
anorectal angle (ARA) to be actively opened by
backward and downward vectors created by con-
traction of the levator plate (LP) and the longitu-
dinal muscle of the anus (LMA). This hypothesis
was tested in a group of patients with idiopathic
fecal incontinence (FI) [11]. Active opening of
the anal canal by the pelvic striated muscle con-
traction, external to the rectum, is attractive from
a flow mechanical perspective. Contraction of
striated musculature external to the rectum has
the capacity to reduce friction within the rectum
by stretching its walls, thereby reducing the
resistance of the mucosal folds and, by opening
the lumen, reducing the internal expulsion pres-
sure required for evacuation. These dynamic
processes are important in women during mictu-
rition, reducing micturition pressure to the fifth
power for non-laminar flow at the urethral open-
ing [12]. The notion that a similar external open-
ing mechanism driven by striated muscles is
necessary for defecation has a strong historical
basis. These ideas will be further discussed in-
depth in a separate chapter.

In addition, the development of new research
and the understanding of neuromodulation mech-
anisms have brought new explanations on the
mechanism of defecation. We already know that
defecation is facilitated by increasing intra-
abdominal pressure or by stimulation of the
mucosal lining of the rectum, indicating that sen-
sory pathways from the abdomen and rectum
play a role on defecation control pathways [13].

Callaghan et al. [14] recently presented new
concepts for the nerve pathways for voluntary
control of defecation and fecal continence
(Fig. 2.1).

Some of the factors associated with the conti-
nence and defecation mechanisms are presented
as follows.

Anal Continence Mechanisms

Anal incontinence can be defined as the involun-
tary loss of stool or gas usually after the age of 4
years when the individual acquires sphincter
control.

The main mechanisms involved in maintain-
ing continence are listed in Table 2.1.

Anal Sphincter Muscles

Internal Anal Sphincter Muscle

The anal internal sphincter muscle has a resting
tonus with cyclic variations represented by the
short and ultrashort waves [15-19]. The most
common finding of internal sphincter motility is
the presence of short waves, with frequencies of
10-23 cycles per minute [17, 18, 20, 21]. These
waves are not related to respiration, not even with
the activity of the external anal sphincter muscle.
In fact, they occur regardless of the state of wake-
fulness or feeding [15, 21, 22]. Ultrashort waves
can be found in 5-90% of individuals, with fre-
quencies of 0.5-2 cycles per minute and may
decrease during sleep [15, 19, 23]. The impor-
tance of these waves is related to the reflex of
accommodation or sampling reflex in the upper
part of the internal anal sphincter. An intermittent
relaxation of this muscle of 10-20 seconds occurs
with a frequency of seven times every hour [24—
26]. This relaxation leads to a balance between
the pressures of the anal and rectum, thus allow-
ing contact of the rectal contents with the sensi-
tive mucosa of the anal canal. This reflex occurs,
then, seven times an hour and, in general, is not
perceived.

The internal anal sphincter muscle contributes
with approximately 50% to 85% of the anal rest-
ing tonus. Nearly 15-20% of the resting pressure
is represented by the puborectalis and anal exter-
nal sphincter muscle together with the vascular
cushions [27, 28]. This is due to intrinsic myo-
genic activity and extrinsic adrenergic innerva-
tion. However, when there is an increase in the
intra-abdominal pressure (Valsalva maneuver),
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Fig. 2.1 Nerve pathways for voluntary control of defeca-
tion and fecal continence. Cortical centers that govern vol-
untary control provide inputs that either inhibit or enhance
excitability of neurons in the brain stem, a medial nucleus
(Barrington’s nucleus, BN) through which autonomic path-
ways to the distal colon and rectum are activated and a lat-
eral cell group (LCG) that controls the external anal
sphincter. The medial group of neurons projects to the spi-
nal defecation center in the intermediolateral column (IML)
at S1 level. This in turn connects with intrinsic reflex path-

Table 2.1 Mechanisms of continence

Anal sphincter muscles

High-pressure zone

Anorectal angle

Anorectal sensitivity and rectoanal inhibitory reflex
Rectal compliance, tonus, and capacity

Rectal filling and emptying

Colon and rectal motility and transit time

Vascular cushions

Stool volume and consistency

there is a greater electrical activity of these sup-
porting muscles, which provides an additional
force to the sphincter mechanism, preventing the

ways of the enteric nervous system (ENS), via the pelvic
ganglia. Afferent (sensory) neurons that detect pressure and
mucosal irritation in the colon contribute to urge, and neu-
rons that sense pressure in the abdominal cavity enhance
defecation. These connect to second-order neurons that
make local connections in the spinal cord and provide sen-
sory information to the pons and cortex. Descending neu-
rons from the LCG synapse in Onuf’s nucleus (ON) on
motor neurons supply the external sphincter. (Reused with
permission © Springer Nature [14])

involuntary passage of the rectal contents through
the anal canal.

Complete rupture of the internal anal sphinc-
ter muscle is associated with gas leakage in up to
40% of patients. Thus, anal dilation formerly
used to treat anal fissure was abandoned as a
result of this important complication. Partial rup-
ture of the internal anal sphincter muscle or par-
tial sphincterotomy can also lead to up to 15%
incontinence for gases and risk of stool leakage
[29, 31]. The division or rupture of this muscle
impairs the mechanism of continence of rectal
contents or rectal inhibitory reflex previously
described. In low anterior rectal resection and
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coloanal anastomosis, or when staplers with
excessive anal dilatation are used, the physiologi-
cal response of the internal anal sphincter muscle
may be impaired, and transient incontinence may
be generated until the mechanism is restored
again [25, 26]. The effects of aging by increasing
the thickness of the internal anal sphincter mus-
cle and leading to its degeneration with collagen
replacement have been considered to be a cause
of incontinence [2].

In addition to longitudinal, the resting pres-
sure presents radial variation, partially explained
by the anatomical conformation of the anal
sphincter and puborectalis muscles. Thus, in the
upper and lower anal canal, the resting pressure is
higher posteriorly, distributing equally in the
middle anal canal [32, 33]. This sphincteric
asymmetry has been described, and a sphincter
asymmetry of 10-20% is currently considered
normal [34].

External Anal Sphincter Muscle

The external anal sphincter muscle also presents
a resting tone, even during sleep [35-38]. The
tonic activity of this muscle presents variations,
according to daily activities. This muscle forms a
ring in continuity with the puborectalis muscle,
and both act together in the voluntary mainte-
nance of continence. The maximum contraction
of the external anal sphincter muscle can be
maintained for up to 1 minute; after that, fatigue
occurs [39, 40]. The distension of the rectum by
the arrival of gases or feces in the rectal ampulla
causes a contraction of the external anal sphincter
muscle for 20-30 seconds, a phenomenon known
as guarding reflex constituting a low spinal reflex
with cortical control that can be found even in
patients submitted to coloanal anastomosis, once
itis triggered by receptors located in the puborec-
talis region [30, 41]. The anal canal is normally
closed at rest and during sleep, due to the con-
stant activity of the internal anal sphincter mus-
cle, reinforced by the tonic activity of the external
anal sphincter and puborectalis.

The importance of the external anal sphincter
muscle in maintaining continence can be demon-
strated when incontinence to gas and stool is
observed in up to 50% of the women who present

small previous defects of obstetric origin and the
satisfactory results when these patients are sub-
mitted to a sphincter repair or sphincteroplasty
[42, 43].

Puborectalis and Levator Ani Muscles

The levator ani muscles are responsible for the
support of the pelvic floor and the pelvic and
abdominal organs, thus preventing excessive
perineal descent. This action is mediated by a
pelvic reflex known as postural reflex that pro-
vides a state of constant and active contraction
of these muscles, being dependent on an intact
innervation between S2 and S4 [36, 39]. The
puborectalis muscle does not involve the anal
canal fully. It participates in the maintenance
of continence not only as an important compo-
nent of the high-pressure zone but as responsi-
ble for the formation of the anorectal angle, a
fact that resulted in the flap-valve theory pro-
posed by Parks [44]. In addition, it is also in a
state of constant tonic activity. Its contribution
to the continence mechanism can be demon-
strated in children who were born with anal
agenesis and absence of the external and inter-
nal anal sphincters. Continence in these cases
is represented by the action of the puborectalis
muscle [45].

High-Pressure Zone

Resting tonus, arising from the involuntary
activity of the internal anal sphincter muscle,
can be perceived through digital examination
and during anorectal manometry. A high-pres-
sure zone can also be found in the anal canal,
consisting of the length of the anal canal,
where pressures are observed 30% larger than
those found in the rectum. It occurs, in part,
because of the myogenic properties of both the
internal and external anal sphincter muscles.
The high-pressure zone is greater in males than
in females [26, 46]. The extension of the high-
pressure zone usually corresponds to 2-3 cm in
women and 2.5-3.5 cm in men. The high-pres-
sure zone is one of the main factors to avoid
the passage of stools.
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Anorectal Angle

For many years, the anorectal angle (angle
formed by the intersection of the upper limit of
the anal canal with the median line of the rectum)
has been believed to be the most efficient mecha-
nism of valvular control for anal continence [5,
441]. This angle, originated mainly due to the con-
tractile force of the puborectalis muscle, per-
forms the traction of the rectum anteriorly,
presenting in normal resting conditions, around
90 degrees. In the case of defecation, with the
relaxation of the puborectalis muscle and the pel-
vic floor muscles, this angle is more obtuse,
resulting in rectification or alignment of the rec-
tum with respect to the anal canal. However, in
some studies in patients with fecal incontinence,
several authors have demonstrated normal ano-
rectal angles, and continence restoration by sur-
gical approach was not necessarily associated
with more acute anorectal angles [8, 24, 48].
Dynamic radiological evaluation in association
with other physiological studies were also not
able to demonstrate the valvular mechanism [9].

Anorectal Sensitivity and rectoanal
inhibitory reflex

The anal canal, especially the transition zone, has
a large number of nerve endings and sensory cells
responding to pressure, temperature, and friction
stimuli [50]. Distension of the rectal wall by the
intestinal contents directly stimulates the pressure
receptors on the wall of the rectum. This is the
mechanism of the rectoanal inhibitory reflex,
which allows contact of the rectal contents with
the sensitive area of the anal canal through relax-
ation of the internal anal sphincter muscle and
contraction of the external anal sphincter t47-49,
51, 52]. At this time, the rectum can accomodate
the fecal contents, due to a decrease in rectal pres-
sure and its capacity of compliance, contributing
decisively to anal continence. The importance of
the rectoanal inhibitory reflex in the continence
mechanism becomes more evident when we
observe that the reflex recovery in patients submit-
ted to ileal pouch construction decreases the inci-

dence of nocturnal soiling [53]. Any factor that
alters rectal compliance or the sensitivity of the
rectum to recognize the intestinal contents would
interfere directly in anal continence.

Rectal Compliance, Tonus,
and Capacity

The rectum has the ability to passively accom-
modate distension. This ability enables the rec-
tum to maintain rectal pressure despite sudden
increases in intrarectal pressure, contributing to
the maintenance of lower pressures as compared
to those of the anal canal. Intrarectal volumes
above 200 ml usually cause a sensation of
urgency, and the maximum tolerated volume
corresponds to about 400 ml. Certain condi-
tions, such as inflammatory bowel disease and
actinic or ischemic proctitis, can reduce rectal
compliance, usually manifested by urgency,
increased evacuation frequency, tenesmus, and
incontinence episodes [47,51]. InHirschsprung’s
disease, on the other hand, compliance is
increased by the presence of functional megar-
ectum. A compliant rectum is therefore essential
to the maintenance of continence. Compliance
is a volumetric parameter of anorectal manom-
etry whose concept still presents some contro-
versies. It consists of the measurement of the
change in intrarectal pressure in response to
change in volume through an infusion catheter
or balloon system positioned into the rectum.
The variability in the techniques used for assess-
ment and the differences in values obtained in
accordance with the balloon material are the
two major factors responsible for the existence
of controversy.

Rectal Filling and Emptying

The rectum normally remains free of fecal con-
tents of the sigmoid colon by the rectosigmoid
angle, by the Houston valves, and by its contrac-
tile resting activity, which is believed to be larger
than that of the sigmoid. Increased rectal volume
results in a progressive accommodation mecha-



24

L.C.C. Oliveira et al.

nism. Approximately half of this instilled volume
immediately refluxes into the sigmoid colon.
These findings suggest a significant role of the
sigmoid colon in the continence mechanism,
helping to maintain intrarectal pressure [55].

Colon and rectal motility and
emptying and transit time

Motility of the rectum is represented by contrac-
tion waves called the rectal motor complex, and
more intense activities are observed after meals.
The function of these rectal waves is still uncer-
tain but is believed to contribute to perfect rectal
emptying [17-23, 54]. In the anal canal, short-
wave gradients are also present, with a greater
frequency distally, tending to keep the contents
inside the rectum. Ultrashort waves have been
found in about 40% of normal continents. These
waves present amplitude of up to 100 cm H20
with duration of about 30 seconds and frequency
of 0.5-2 cycles per minute. They are related to
high-resting pressures and reflect the activity of
the internal anal sphincter muscle [17-23, 56].

Vascular Cushions

The hemorrhoidal vascular cushions and anal
canal mucosa help to maintain fecal continence
[57, 58]. The cushions have the ability to expand
to keep the anal canal closed and prevent inconti-
nence when anal pressure decreases. These ves-
sels are useful for filling spaces that cannot be
occupied by the musculature and can contribute
in about 15% of the basal pressure at rest [59].
The importance of the cushions becomes obvious
when patients presents with soiling after hemor-
rhoidectomy, even with normal sphincter
pressure.

The mucocutaneous junction, which is in the
high-pressure zone of the anal canal, also works
as a barrier that prevents the loss of mucus and
feces. The displacement of this junction out of
the anal margin, as occurs in hemorrhoidal pro-
lapse, can be an important cause of leakage and
involuntary loss of mucus. Correction of hemor-

rhoidal prolapse improves continence in these
cases [60]. The anal canal is rich in nerve endings
which participate in the discrimination of rectal
contents and promote the sampling reflex, previ-
ously described. In diabetics the reflex may not
be found, and loss of the reflex and the threshold
could be elevated [61].

Stool Volume and Consistency

Stool consistency definitely influences sensation,
emptying, and anal continence. The time taken to
expel a single solid piece of stool varies inversely
with its diameter, and greater effort is necessary
to eliminate hard and small stools compared to
large and soft stools [62]. One study has shown
that the ideal diameter for stool to be successfully
eliminated is about 2 cm [60].

Mechanisms of Defecation

Although extensively studied, the mechanism of
defecation remains partially understood
(Fig. 2.1). It is known that the act of defecating
requires the perfect coordination of the pelvic
floor and anal sphincter muscles, being medi-
ated by the neuromotor and sensorineural
impulses. The propulsion of feces through the
rectosigmoid junction causing the intestinal
contents to reach the rectum seems to be the
starting point for the stimulation of the evacua-
tion, provoking the desire for defecation. The
receptors for this sensation of urge to defecate
are located in the puborectalis muscle [47, 63].
Rectal perception usually occurs with volumes
between 11 and 68 ml, and the maximum toler-
able volume varies between 220 and 510 ml
[64]. The distension of the rectal walls by the
presence of the fecal content generates an intrin-
sic reflex through the enteric plexus that results
in the relaxation of the anal internal sphincter
muscle also known as the rectoanal inhibitory
reflex [65—67]. This mechanism makes possible
the contact of the fecal content with the sensory
cells of the anal canal making it possible to dis-
criminate the quality of this content (gases, liq-
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uid, or solid feces). At that moment the
continence is maintained by the reflex contrac-
tion of the external anal sphincter muscle. For
the evacuation to occur, the intra-abdominal
pressure should increase by contracting the lum-
bar, rectus abdominis, and diaphragm muscles
(Valsalva maneuver). Then, the puborectalis
muscle relaxes, along with the other sphincter
muscles, allowing an increase of the anorectal
angle that reaches about 130 to 140 during def-
ecation, resulting in rectification of the rectum
with respect to the anal canal and facilitating the
evacuation. After the expulsion of the feces, the
reflex contraction of the external sphincter mus-
cle of the anus and the return of the pelvic floor
to the normal position finally occur [9].

If defecation is an undesirable act, the process
may be temporarily postponed by the voluntary
contraction of the external sphincter muscle and
the lifting muscles. Because of the rectal accom-
modation mechanism, associated with rectal
compliance, intrarectal pressure returns to nor-
mal levels, the integrated action of the pelvic
floor muscles displaces the feces toward the rec-
tosigmoid junction, and gradually the tone of the
sphincter muscles returns to the resting condi-
tion. The difficulty of opening the anal canal dur-
ing evacuation attempts is three to four times
greater in the initial phase. After opening the anal
canal about 1-2 cm in diameter, the evacuation
difficulty decreases, and therefore the formed and
soft fecal bolus facilitates evacuation [60]. The
normal frequency of evacuation corresponds to
about 6.3-7.5 for 7 days varying between 3 and
11 for 7 days [68, 69].

Summary

The mechanism to maintain normal continence
and defecation is complex and multifactorial.
The anatomical and anorectal physiological cor-
relations have allowed a better understanding of
the diseases that involve the structures of the rec-
tum and anus and their functional alterations.
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New Concepts of Anorectal
Anatomy, Physiology, and Surgery
According to the Integral System

Peter Petros and Darren M. Gold

Introduction

Historically and even today, the cause of bladder
and bowel dysfunction is thought to arise from the
organs themselves. The Integral Theory (IT) of
female urinary incontinence [1] is holistic and
entirely anatomical theory. It is a different way of
thinking. The Theory’s concept is that the cause
of dysfunction lies outside the organs, mainly lax-
ity in the suspensory ligaments, because of colla-
gen/elastin degeneration [1]. The Integral System
[2] is an entirely anatomical management system
based on the Integral Theory.

Diagnosis, reinforcement and repair of liga-
ments based on the Integral System [2] can give
high rates of cure not only for pelvic organ pro-
lapse (POP), but also can improve chronic pelvic
pain, bladder and bowel dysfunctions of closure
and evacuation.

New concepts for anorectal anatomy and

physiology
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e Ligaments and muscles work interactively,
holisticallly.

e The almost identical nature of bladder and
bowel control mechanisms.

e The anorectum is reflexly closed and opened
by external directional pelvic striated muscles
forces contracting against competent suspen-
sory ligaments.

e Reflex control of the defecation reflex is by
directional muscle forces contracting against
competent ligaments.

e Voluntary control is by forward contraction of
puborectalis against the symphysis.

* Role of damaged ligaments in intussusception
and descending perineal syndrome.

e The critical role of internal anal resistance in
evacuation disorders.

e Reversal of dysfunctions by reinforcement of
damaged pelvic ligaments with tapes.

Pelvic ligaments and muscles are codependent
and work together in a balanced system (Fig. 3.1).
One cannot work without the other. However, it is
the ligaments which are the most vulnerable to
damage, especially during pregnancy, childbirth,
and old age, where the collagen and elastin weaken.
The striated muscles contract against the puboure-
thral (PUL) and uterosacral (USL) ligaments
(Fig. 3.1). These muscles open and close the ure-
thral and anal tubes and stretch the organs to sup-
port the bladder and bowel stretch receptors which
control the micturition and defecation reflexes. A
loose or weak ligament may weaken these muscles
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forces, so the patient may not be able to adequately
close these tubes (incontinence), open them (evac-
uation difficulties), or stretch the organs sufficiently
to control bladder and bowel urge incontinence.

Given the Integral System’s anatomical
emphasis, it is appropriate that we follow the dic-
tums of the great Spanish anatomist and urologist
Salvador Gil Vernet (1892—1987), who stated that
it was not sufficient to describe an anatomical
structure. He said that an answer was required to
the question of “what is it for” [3] and

Precise, almost mathematical knowledge of anat-
omy is a highly fertile source of surgical applica-
tions, suggesting new techniques and helping
perfect and simplify existing surgical methods,
making them less mutilating and more benign
and, in short, raising surgery to the rank of true
science [3].

Accordingly, we will outline the dynamic
anatomy of relevant structures, muscle, liga-
ments, and nerves, then proceed to the key role of
ligaments in function, role of damaged ligaments
in dysfunction, then to diagnosis of damaged
ligaments and surgical correction of the
ligaments.

Normal Function of Bladder
and Bowel

The bladder and rectum have only two functions,
storage and emptying. For storage, the emptying
tubes (urethra, anus) must be closed. Externally
sited striated muscle forces compress these tubes to
close them. Stretch receptors in the bladder and rec-

Fig. 3.1 There are 5 main ligamentous structures in the
female pelvic floor. Pubourethral (PUL) inserts into
midurethra and pubococcygeus muscle; Arcus tendineus
fascia pelvis (ATFP): arises above PUL and inserts into
ischial spine; Cardinal (CL): attaches anterior vaginal
wall to the cervical ring (CX) and laterally to the skeleton;
Uterosacral (USL): attaches CX to sacrum and lateral
walls of the rectum); Perineal body (PB; is attached to the
posterior part of descending ramus by deep transverse
perineal ligaments (Fig. 3.2)). Urethra and anorectum in

closed phase. Four muscles control function [4]. Three
directional muscles (arrows), pubococcygeus muscle
(PCM), levator plate (LP), and conjoint longitudinal mus-
cle of the anus (LMA), contract against suspensory liga-
ments; the fourth muscle, puborectalis muscle (PRM),
contracts only against pubic symphysis (PS); EAS = exter-
nal anal sphincter. U = urethra; V = vagina; R = rectum.
There are also the vaginal fascia usually known as pubo-
cervical fascia (PCF) or rectovaginal fascia (RVF)
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tum signal cortex when storage reaches capacity. If
appropriate, the cortex activates the micturition and
defecation reflexes. These reflexes relax the forward
vectors and activate the posterior muscle forces to
open out the urethra and anal tubes; the bladder and
rectum contract to empty the organs (Fig. 3.5).
Ligaments have two main functions [4]:

1. Structural. To attach the organs and other struc-
tures to the skeleton (Fig. 3.1). Ligaments have
a high content of collagen. When the ligaments
are stretched, the collagen is tensioned like the
ropes of a suspension bridge. The stretched col-
lagen is very strong. Ligaments have a breaking
strain of approximately 300 mg/mm [1, 5]. In
contrast, because they need to expand for many
of their functions, organs are far more elastic
with a much lower breaking strain. For exam-
ple, the vagina has a breaking strain of approxi-
mately 60 mg/mm?>.

2. Functional. To act as anchoring points for the
three oppositely acting striated muscle force
vectors deriving from PCM (pubococcygeus),

Fig.3.2 Deep
transversus perinei
ligaments [4] attach
perineal body “PB” to
behind the descending
ramus, between its upper
2/3 and lower 1/3. In
this figure, the ligaments
are elongated. PBs have
been separated into two
parts during childbirth,
by stretching of their
central part. This causes
the rectum to protrude
into the vagina as a
rectocele

LP (levator plate), and LMA (conjoint longi-

tudinal muscle of the anus) (Fig. 3.2). These

muscles force the following:

* To open the urethral and anal tubes

* To close the urethral and anal tubes

» To stretch the organs to prevent the stretch
receptors from firing off at a low volume

The main ligaments involved in the above
functions are the pubourethral and cardinal/
uterosacral complex.

Ligaments (Fig. 3.1)

There are five main ligamentous structures in the
female pelvic floor:

e Pubourethral (PUL) ligament that inserts into
midurethra and pubococcygeus muscle

e Arcus tendineus fascia pelvis (ATFP) liga-
ment that arises above PUL and inserts into
ischial spine

Rectocoele

Deep transversus perinei
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e Cardinal (CL) ligament that attaches anterior
vaginal wall to the cervical ring (CX) and lat-
erally to the skeleton

e Uterosacral (USL) ligament that attaches CX
to sacrum and lateral walls of the rectum

e Perineal body (PB) ligament that is attached to
the posterior part of descending ramus by
deep transverse perineal ligaments

The Vaginal “Fascia” [4]

The vaginal fascia is usually known as pubocer-
vical fascia (PCF) or rectovaginal fascia (RVF)
and is a fibromuscular tissue composed of
smooth muscle, collagen, elastin, nerves, and
blood vessels. It forms the inner part of the vag-
inal wall. “Fascia” is the main structural com-
ponent of the vagina. Ligaments have a similar
histological structure to fascia but are far less
distensile, with more collagen 1 and less elas-
tin. PCF and RVF are attached to ligaments.
Damage to PCF or RVF is invariably associated
with damage to ligaments also. It is impossible
for the RVF to stretch or rupture if the liga-
ments are intact.

Anatomical Significance of the PCF

Fascial Attachments [4] PCF (Fig. 3.1)

The PCF is attached to the cardinal ligament and
anterior cervical ring. It can be overstretched or it
may rupture from its attachments to CL proxi-
mally to cause high cystocele. Disruption or
overstretching its attachment to ATFP can cause
central cystocele.

Anatomical Significance of the RVF

Fascial Attachments [4]

The RVF (Fig. 3.1) can be overstretched or it may
rupture from its attachments to USL, the cervix,
or perineal body to cause enterocele, high, mid,
or low rectocele.

Significance of the Organ Spaces

The bladder and rectum are highly distensile as
is the vagina. The purpose of the organ spaces
is to allow independent expansion of each

structure. Especially important is the ability of
the vagina to expand posteriorly with different
sizes of the penis during intercourse. An elastic
vagina allows the curved shape of the erect
penis to stretch the apex around the curve of the
sacrum. A vagina fibrosed by insertion of a
mesh sheet may inhibit this action. Stretching a
visceral structure anchored on one wall is an
important cause of dyspareunia after mesh
insertion.

The Muscles [4]

The pelvic floor muscles, smooth and striated,
work in a highly coordinated holistic way with
ligaments, fascia, and the organs themselves,
directed by opening and closure reflexes and ulti-
mately by the cortex itself (Fig. 3.8).

The Role of Smooth Muscle

of the Urethra and Anus During

Closure and Evacuation [1]

Smooth muscle must contract to create a semi-
rigid tube. A semirigid tube allows the external
striated muscle vector forces to efficiently close
the urethral or anal tubes and to pull open their
posterior wall. Any unstretched fold of mucosa
would decrease the diameter of the tube and
exponentially affect evacuation, according to
Poiseuille’s law, which states that the flow
through a tube is exponentially determined, an
inverse function of the fourth power of the
radius.

This concept runs counter to existing concepts
of pelvic floor relaxation during micturition and
defecation. The emptying tubes would sag with
any relaxation of the striated muscles, and this
would narrow the diameter of the anal tube to
cause obstructive defecation or urination.

The Striated Muscles of the Pelvic

Floor - Functional Anatomy [4]

The pelvic floor has upper and lower striated
muscle layers.
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Upper Layers
The upper striated muscles of the pelvic floor
consist mainly of slow-twitch fibers (approxi-

interruption of micturition, and defecation. It
has an ancillary role in anorectal closure and
defecation. The pelvic muscles have three main

mately 80%) with 20 % fast-twitch fibers. There functions:
are three striated muscles of the pelvic floor

which control all anorectal and urethral func- 1.
tions: pubococcygeus (PCM), levator plate 2.
(LP), and conjoint longitudinal muscle of the 3.
anus (LMA) (Fig. 3.3a, b). These three muscles
(arrows) (Fig. 3.1) contract against suspensory
ligaments. A fourth muscle, puborectalis
(PRM), contracts only against the pubic sym-
physis (Fig. 3.1 and Fig. 3.3b). PRM is con-

cerned with voluntary “squeezing,” voluntary

To support the organs from below

To close and open the urethra and anus

To stretch the organs bilaterally to prevent
inappropriate activation of the micturition and
defecation reflexes

The fast-twitch fibers act during stress to close
the emptying tubes more tightly and to stretch the
tubes open for evacuation.

Fig. 3.3 (a) The pelvic floor striated muscles — cadaver specimen sagittal view. This is an anatomical specimen from a
female cadaver, cut away from its bony insertions. The bladder and vagina have been excised at the level of bladder
neck. Pubococcygeus muscle (PCM) inserts into the lateral wall of distal vagina (V). The PCMs sweep behind the rec-
tum (R) and merge with the contralateral side to form part of the levator plate (LP). LP inserts into the posterior wall of
the rectum. LMA connects LP to EAS (external anal sphincter). PRM (puborectalis muscle) surrounds the rectum (R)
and inserts into the pubic symphysis; PUL = insertion of pubourethral ligament into lateral part of midurethra and PCM;
LMA = (conjoint) longitudinal muscle of the anus; EAS =external anal sphincter. U = urethra; V = vagina. (b) Functional
anatomy: diagrammatic sagittal analogue of the cadaver specimen. PCM attaches to lateral wall of the vagina “V.” LP
inserts into the posterior wall of the rectum “R”; PCM contracts forward against PUL. LP contracts backward against
PUL. LMA connects LP to the external anal sphincter and contracts downward against USL
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Three oppositely acting directional striated
muscles control mechanical closure and evacua-
tion of urethra and anorectum (Fig. 3.3b, arrows)
[1]. The opposite stretching of tissues supports
the organ stretch receptors to control the mictu-
rition and defecation reflexes. With reference to
Fig. 3.1, pubococcygeus muscle (PCM) inserts
into the lateral wall of distal vagina (V); it con-
tracts forwards against PUL to close the distal
part of urethra and to stabilize the perianal body
and lower part of the anus; the lateral parts of
PCM sweep behind the rectum (R) and merge
with the contralateral side to form part of the
levator plate (LP); LP inserts into the posterior
wall of the rectum; LP contracts backward
against PUL; because USLs are attached to the
lateral rectal wall, they are also tensioned;
LMA, the conjoint longitudinal muscle of the
anus, is a vertically acting muscle. LMA takes
longitudinal smooth muscle fibers from the lon-
gitudinal smooth muscle of the rectum and stri-
ated muscle fibers from PCM and LP; LMA
connects LP to EAS (external anal sphincter);
LMA contracts directly against USL; PRM
(puborectalis muscle) surrounds the rectum (R)
and inserts into the pubic symphysis. Because
PCM, LP, and LMA contract against suspensory
ligaments, their contractile force weakens if the
ligaments are loose and so do all their functions,
closure, and evacuation of the urethral and anal
tubes and control of the micturition and defeca-
tion reflexes (urgency).

Note: PRM does not contract against any liga-
ments [4]. Other than acting as an anchoring
point for the rectum as it is rotated by LP/LMA,
it does not control the same involuntary functions
as the other three muscles, opening, closure, and
organ stretching to support stretch receptors. It is
the muscle which contracts during “squeezing,”
voluntary cutting off urine flow, or voluntary
interruption of defecation.

Lower Layers (Fig. 3.4) [3]
The ischiocavernosus and bulbocavernosus
attach to tissues lateral to the urethra. X-ray stud-

ies show that the distal urethra is pulled down-
ward during closure and micturition, the latter
action being important as part of the distal expan-
sion of urethra required to reduce frictional resis-
tance to the urine stream.

The deep transversus perinei (DTP) is actu-
ally a thick ligamentous structure containing
collagen, smooth muscle, elastin, nerves, and
blood vessels. It inserts into the perineal body
and attaches it bilaterally immediately behind
the descending ramus at the junction of the
upper 2/3 and lower 1/3. The DTP stabilizes the
whole perineum, anus, distal vagina, external
anal sphincter, and even bulbocavernosus mus-
cle. As such it will have an impact on many
colorectal conditions, including hemorrhoids,
anal mucosal prolapse, and descending perineal
syndrome.

Anorectal Closure [4]

The same three directional forces demonstrated
to act during urethral closure [2] also act during
anorectal closure and evacuation (Figs. 3.5 and
3.6). With reference to Fig. 3.5, pubococcygeus
(PCM) contraction immobilizes the anterior
wall of the anus. Puborectalis (PRM) contrac-
tion immobilizes the anorectal junction. LP
contracts backward against PUL. LMA con-
tracts downward against USL. LP/LMA stretch
the rectum backward/downward to rotate it
around the contracted PRM to close the rectum.
The anorectal angle is decreased and the cavity
is closed off.

Defecation [4, 6]

On activation of the defecation reflex, PRM
relaxes. LP contracts backward against
PUL. LMA contracts downward. LP/LMA
stretch opens the posterior wall of rectum
(Fig. 3.5, broken lines; Fig. 3.7a, b; Video 3.1).
This action reduces the internal resistance to
expulsion of feces exponentially, inversely by
the third power [6]. The active opening vastly
reduces the work of the rectum in expelling
feces.
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Fig. 3.4 Lower layer of
muscles splint distal
parts of the urethra,
vagina, rectum, and
perineal body. Patient
supine. View into
perineum. Lower-layer
muscles of the pelvic
floor anchor the organs
distally

Fig. 3.5 Anorectal function — system in closed mode.
Anorectal closure PRM contracts forward. LP contracts
backward against PUL. Smooth muscles of the anorectal
walls contract. LMA contracts downward against
USL. The resultant forces rotate rectum around PRM to
“close the anorectal angle and the cavity.” Defecation

deep transversus

B

i

(broken lines) PRM relaxes. LP/LMA pulls the posterior
rectal wall backward/downward to open out the anorectal
angle. PCM contracts forward to stiffen the anterior rectal
wall. Both actions vastly decrease the internal anal resis-
tance to passage of feces, inversely by third power of the
radius. 5
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RESTING CLOSED

Fig. 3.6 Anorectal closure on straining. Top figure rest-
ing closed. Slow-twitch pelvic muscle contractions stretch
the vagina (V) and rectum (R) back against pubourethral
ligament (PUL). Bv = attachment of the bladder (B) to the
vagina (v). LP = levator plate; USL = uterosacral liga-
ments; CX = cervix; S = sacrum; U = urethra; R = rectum.
Bottom figure straining pubococcygeus (forward arrow)
contracts forward to immobilize perineal body (PB) and
anterior wall of the rectum (R). PRM (yellow lines) con-
tracts forward to immobilize posterior wall of the rectum.
LP/LMA (backward /downward arrows) contracts to
rotate the rectum around a contracted PRM for closure.
Arrows = fast-twitch muscle contractions

If USLs are loose, all these functions, closure,
evacuation, and control of the defecation reflex
may weaken to cause fecal incontinence and
obstructed defecation and urge fecal incontinence
(FI). Because LP also pulls against PUL anteri-
orly, a lax PUL may also cause FI. In this case,
the FI is associated with USI “double inconti-

rectum

Defecation

AT REST
b

3

rectum

Fig. 3.7 (a) Defecation myoproctogram at rest. Barium
paste is placed in the rectum and radio-opaque dye is
injected into the levator plate (LP). ARA = anorectal
angle. A line indicates upper surface of levator plate. (b)
Defecation myoproctogram defecation starting. In com-
parison to the upper X-ray, the anterior rectal and anal
walls are all stretched forward. Levator plate is seen
inserting into the posterior rectal wall. The anterior part of
LP is angulated downward. This action pulls the posterior
rectal wall back and down to open out the anorectal canal

nence.” Clinical proof was provided by Hocking
[7], who found >90% proof for both USI and FI
with a midurethral sling [8].

Reflex Neurological Control
of Bladder and Bowel Function

Similar mechanisms prevail for bowel control and
evacuation [4]. In simple terms, both the bladder
and bowel are controlled by cortical reflexes, a clo-
sure reflex for continence and micturition and def-
ecation reflexes for evacuation (Fig. 3.8).
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Fig. 3.8 Afferent fibers
from stretch receptors “N” in
the bladder and bowel
transmit nerve impulses to
the cortex which interprets
them as “fullness.” By
stretching the organs
bidirectionally (arrows), the
muscles tension the
underlying supports of the
stretch receptors “N” to
prevent stretch receptors
from firing off prematurely,
thereby controlling the
micturition and defecation
reflexes. At a certain point,
the micturition reflex and
defecation reflexes are
activated. The cortex signals
this as bladder or bowel
urgency

The afferent nerve axis (arrows, Fig. 3.8) works
as a sensor of organ fullness and sends afferent
signals to the cortex. Once activated by the mictu-
rition or defecation reflex, the efferent nerve axis
(Fig. 3.8, arrows) acts as a “motor” via a positive
feedback loop (Fig. 3.8) [9] to coordinate the
external opening of the outflow tract and evacua-
tion by bladder or bowel contraction. A series of
positive feedback loops in cats were described in
detail by Barrington 100 years ago [9].

The presence of nerve endings in ligaments and
vaginal fascia indicates that their smooth muscle
content is also part of this holistic coordination.

Peripheral sensors activate the emptying
reflexes, micturition, and defecation. In the
human bladder, sensory nerves form a plexus
immediately below the urothelium [10]. The uro-
thelium, with its myelinated sensory nerves, acts
as a mechanosensor. It controls the activity of the
afferent nerves and, therefore, the micturition
reflex, via specific neurotransmitters. It is thought
that unmyelinated nerves may transmit pain and
urge in pathological conditions, for example,
interstitial cystitis. It is likely that a similar sen-
sory system may initiate defecation.

Peripheral Neurological Feedback
Mechanisms Balance Muscle Function

Discovery of a muscle spindle (Petros PE,
Kakulas B and Swash MM, unpublished data) in
the anterior portion of pubococcygeus muscle
suggested that a precise feedback system controls
the striated muscles which tension the connective
tissue structures which support organ stretch
receptors.

Pathogenesis of Loose Ligaments

There are three main causes of loose ligaments:
congenital laxity, birth damage, and age [4].
Childbirth stretches the suspensory ligaments
and/or distends the vagina or tears its fascial
attachments to ligamentous structures (Figs. 3.9,
3.10, 3.11, and 3.12). In the younger woman,
damage may be insufficient to affect structure or
function. After the menopause collagen loss
accelerates, and the ligaments weaken further to
cause prolapse, chronic pain, bladder, and bowel
dysfunctions.
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Fig. 3.9 Muscle spindle. Vaginal tension is controlled by
muscle spindles which adjust the length of the muscle.
Muscle spindle found in the anterior portion of the pubo-
coccygeus muscle

Fig. 3.10 Ligament damage at childbirth. View from
above at 10 cm dilatation of the cervix. The maximal
strain of the 10 cm dilatation is on the structures which
attach to the cervical ring: vagina (“vag”) uterosacral liga-
ments (USL) and cardinal (CL) ligaments. Extension or
tearing of these attachments may cause apical prolapse,
cystocele anteriorly, rectocele, and enterocele posteriorly.
The ligamentous attachments of perineal body (deep
transversus perinei) may be damaged and separated to
cause low rectocele (perineocele) as the head exits the
birth canal

Uterosacral Ligament Laxity — A Key
Element in Anorectal Dysfunction

(Fig. 3.13) [4]

The USLs are important structural components
for the uterus, vaginal apex, and rectum. If loose,
they can cause uterovaginal prolapse, enterocele,
and rectal wall intussusception. The USLs are an
important anchoring point for the backward/

Cardinal
ligs

Levators

Fig.3.11 Rupture/stretching points from cervical dilata-
tion at childbirth [4]. The diameter of the pelvic inlet and
outlet is only 12-13 cm. The smallest diameter of the
flexed head is 9.4 cm. A deflexed head (posterior presenta-
tion) is 11.2 cm. ATFP is stretched and dislocates mainly
at its insertion points at the ischial spine “X.” The cardinal
ligaments are stretched and may tear off the cervix at “Z”
to be displaced laterally. Simultaneously with CL tearing,
the pubocervical fascial layer of the vagina attached to CL
and cervical ring at “Z” may be stretched or torn, so the
vagina rotates down like a trapdoor, “high cystocele.” The
“levators” “Y” (pubococcygeus and puborectalis) may be
stretched or torn from their insertions behind pubic
symphysis

downward vectors. These activate urethral and
anorectal closure (continence) and open the
organs externally prior to evacuation. If the USLs
lengthen, the striated muscle forces weaken [11].
The muscles cannot close the anus adequately,
open it adequately for evacuation, or stretch the
organs sufficiently to control the defecation
reflex. The patient may complain of constipation,
fecal leakage, or urge incontinence of feces.
Often the prolapse is minor.

Gordon’s law [11] (Fig. 3.14) is the ultimate
pathway for understanding how pelvic ligament
looseness may cause bladder and bowel dysfunc-
tion. It states “A striated muscle contracts opti-
mally over a short length only” (“N”; Fig. 3.14,
lower Figure). If the ligaments against which the
three vector muscles contract are firm, the mus-
cles contract efficiently over an optimal length
“N.” If the ligaments against which the three vec-
tor muscles contract lengthen by “E.” the muscles
lengthen accordingly by “E” and their contractile
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POSTERIOR ZONE
OF DAMAGE

MIDDLE ZONE
.. OF DAMAGE

ANTERIOR ZONE
OF DAMAGE

Fig.3.12 Dysfunctions are a consequence of which liga-
ments are damaged. (1) Anterior-zone ligaments. External
urethral ligament “EUL,” pubourethral ligament “PUL,”
and pubovesical ligament “PVL.” Anatomical dysfunc-
tion: (mainly) urinary stress incontinence. (2) Middle-
zone ligaments: cardinal (CL) and ATFP. Anatomical
dysfunction: cystocele. (3 and 4) Posterior-zone ligaments
USL and PB (3) Uterosacral “USL” anatomical dysfunc-
tion: uterine prolapse. (4) Deep transversus perinei (DTP)
as part of perineal body (“PB”). Anatomical dysfunction:
low rectocele and descending perineal syndrome

f——

Fig. 3.13 Uterosacral (USL) and cardinal (CL) liga-
ments are related. Both stretch with prolapse, and both
must be repaired to properly restore anatomy during sur-
gical reconstruction. Because the fascial wall is attached
to both, it too must be reattached or repaired during surgi-
cal reconstruction

strength weakens [11], from a nominal 80% to
30%, (Fig. 3.14, lower Figure).

Perineal Body Laxity (Fig. 3.15)

Structure

The perineal body (PB) is an essential inferior
supporting structure for the vagina and anorec-
tum (Fig. 3.2). It is approximately 4 cm in length.
It supports 50% of the posterior vaginal wall [12]

80% 80

AN
A A

Sarcomere length (um)

elongation

Fig.3.14 3D view from above. The uterus has prolapsed
to first degree. The USLs have elongated by “E,” as have
LP and LMA. The rectum also has descended, by virtue of
its attachments laterally to the elongated USL. The
“wavy” shape of LP and LMA indicates diminution of
contractile strength. Gordon’s law. A striated muscle con-
tracts optimally over a short length only, “N,” red square.
If the ligament against which the pelvic muscle contracts
lengthens by “E,” the muscle also lengthens by “E.” This
results in a rapid loss of contractile force, from 80% to
30%, black rectangle

A

weakened
muscle force

and a significant part of the anterior wall of rec-
tum. In the distal 2 cm, the PBs are densely
adherent to the vagina and anus. PBs are attached
to the descending ramus by deep transversus
perinei (DTP) ligaments. At surgical dissection,
DTP is distinctively whitish in its macroscopic
appearance, and its structure is similar to the
other ligaments, consisting of collagen, elastin,
smooth muscle, nerve, and blood vessels. It has
small amounts of striated muscle.

Anatomical and Surgical Significance

of DTP Ligaments

It is not well known that the key anatomical compo-
nents of the perineal bodies are the deep transversus
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Fig. 3.15 Model pathogenesis of DTP ligaments and
their causation of the descending perineal syndrome. The
perineal body “PB” is attached behind the upper 2/3 and
lower 1/3 of the descending ramus by deep transversus
perinei ligaments (DTP). The PBs are connected in the
midline by fibromuscular tissue, “CT.” Childbirth may
stretch PB and CTx and elongate and push DTP laterally.
The rectum may protrude as a rectocele (fingers). The
angulated DTPs are the ultimate cause of “descending
perineal syndrome.” *CT is known in some parts of
Europe as the “central tendon of the perineal body”

perinei ligaments which attach PB to the skeleton
[12-15]. When the rectum is dissected off the PB,
the DTPs appear as whitish structures. They can
elongate to cause “descending perineal syndrome”
(Fig. 3.15). They can only be repaired by insertion
of a tensioned tape which penetrates the DTP
behind the descending ramus. It is not unusual for
one DTP to be destroyed as a result of childbirth.

Perineal Body Function is Linked to USL
Function

The PB and USL work as a unit. The extension of
RVF from PB to cervix (Fig. 3.5) helps anchor
the PBs when the backward vectors (LP/LMA)
contract. Tensioning the RVF “smooths out” the
rectal mucosa, and this helps facilitate rectal
evacuation by reducing frictional resistance to
fecal flow. Structural damage to PB, its RVF
attachment, may result in a patient having to
splint her perineum to adequately evacuate feces
and mitigate anal mucosal prolapse or hemor-
rhoid descent during defecation. Stretching of
RVF upward by the levator plate by slow-twitch
levator plate contractions at rest helps prevent
infolding and back pressure on the rectal veins
which may otherwise manifest as hemorrhoids or

anal mucosal prolapse. The deep transversus
perinei (DTP ) ligaments ” (Fig. 3.15) attach PB
to the skeleton and thus stabilize it. Loose DTPs
may cause the descending perineal syndrome.
DTPs have been erroneously called deep trans-
versus perinei muscles. Histology demonstrates a
typical ligament structure: smooth muscle, colla-
gen, elastin, blood vessels, and nerves.
Anatomically they are in the same position of
“puboperinei muscles.”

Damage to USL will cause both the vagina
and the rectum which is attached to its side-
walls to prolapse downward (Fig. 3.16a). This
may cause rectal intussusception and symp-
toms of obstructive defecation. Inability to
stretch the loose rectovaginal fascia and the
attached distal part of rectum upward may con-
tribute to tissue back pressure. This may cause
prolapsed rectal mucosa, hemorrhoids, and, if
the backward pressure is sufficient, solitary
rectal ulcer.

Anatomical Pathways to “Obstructive
Micturition or Defecation” (Organ
Emptying Problems)

Cinedefecography video studies [16] demon-
strated an external striated muscle opening
mechanism for both the bladder and anorectum.
It is known that the resistance within a tube is
inversely related to the radius (Poiseuille’s law).
A loose USL (Figs. 3.14 and 3.16a, b) may
result in weakening of the urethral or anorectal
LP/LMA opening forces. The bladder detrusor
or rectum has to contract against an unopened
tube. This is perceived by the patient as
“obstructed  micturition” or  “obstructed
defecation,” with symptoms such as “feeling
bladder has not emptied,” “stopping and start-
ing,” multiple emptying, post-micturition drib-
ble, raised residual urine and, for bowel,
constipation or obstructive defecation (ODS). It
was demonstrated that shortening and reinforc-
ing CL/USL by TFS restore prolapse and the
external opening mechanism with symptom and
residual urine improvement for bladder [17].
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a

venous return
obstructed

Fig.3.16 (a) Structural effect of loose USLs. The rectum
is held up by USLs like the apex of a tent. Loose USLs
may cause anterior rectal wall intussusception (“R,”
downward arrows). The prolapsed rectal mucosa may
cause back pressure in the rectal veins to cause hemor-
rhoids. (b) The paradox of co-occurrence of FI and ODS.

The Paradox of Obstructive
Defecation (ODS) and Fecal
Incontinence (Fl) Coexistence

It is counterintuitive, but it is a fact that ODS
and FI frequently coexist. A loose USL can
explain both (Fig. 3.16b). Anorectal closure is
achieved by the rectum being stretched back-
ward and rotated by the backward/downward
vectors (LP/LMA) around a contracted PRM,
to create the anorectal angle, “ARA,” lower
figure “straining” (Fig. 3.16b). Relaxation of
PRM allows the same backward/downward
vectors to open out the anorectal angle, ARA,

Defecation

Upper figure, defecation. A loose USL anchoring point
will weaken ability to open the anorectal angle (ARA) to
cause “obstructive defecation syndrome” (ODS). Lower
figure, anorectal closure. A loose USL anchoring point
will weaken ability to close the anorectal angle (ARA) to
cause fecal incontinence

“defecation” (Fig. 3.16b, upper). The down-
ward vector contracts against USL. A loose
USL will weaken both mechanisms. The
patient cannot adequately close the anus (FI) or
open it (ODS).

Anatomical Pathway to Symptoms
of Bladder and Bowel Urge
Incontinence

Inability of the weakened pelvic muscles to
stretch the connective tissue structures suffi-
ciently to support bladder and rectal stretch
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G
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Fig. 3.17 Bladder bowel urge incontinence as interpreted
by Gordon’s law. The uterosacral ligaments (USL) lengthen
“L” and are unable to suspend the vagina adequately. The
downward/backward muscle forces (arrows) lengthen by
“L” and weaken. The vagina cannot be stretched suffi-
ciently to support the stretch receptors “N.” “N” fire off
increased afferent impulses at a low bladder volume, and

receptors may cause them to fire off at a low vol-
ume to stimulate the micturition and defecation
reflexes. This is perceived by the patient as
“urgency” or “frequency” (Fig. 3.17).

Function of Puborectalis Muscle
(“Kegel” Muscle)

Puborectalis muscle (PRM) has an involuntary
slow twitch action which assists anorectal clo-
sure and relaxes for defecation (Fig. 3.18). It also
has a voluntary action in interrupting defecation
and micturition. It is this “squeeze” function
which is harnessed in Kegel pelvic floor exer-

increased
efferent

Da e
- o

MUSCLES

this is perceived by the cortex as urgency. If the quantum of
afferents is sufficient to activate the micturition reflex, the
efferents are activated; the forward muscles relax; the back-
ward muscles open out the urethra; the bladder contracts;
the patient may uncontrollably lose urine (“‘urge inconti-
nence”). The wavy form and pink color of the arrows
denote weakened muscle contractile force

cises. PRM works by contracting directly against
the pubic symphysis. Hence it is totally indepen-
dent of the pelvic suspensory ligaments.

Diagnosis of Damaged Ligaments

Symptoms guide the surgeon as to which liga-
ments have been damaged (Fig. 3.19). The liga-
ments are checked by vaginal examination using
specific diagnostic criteria [19]. “Simulated oper-
ations,” supporting specific ligaments to assess
diminution of USI, urge, or pain symptoms, fur-
ther confirm diagnosis of which ligament has
been damaged.
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SQUEEZING UPWARDS

Fig. 3.18 Role of puborectalis in bladder A/R function.
Upper X-ray. Resting Closed. Sitting lateral X-ray.
U = urethra; V = vagina; B = bladder; Bv = fascial attach-
ment of bladder base to vagina; CX = cervix; LP = levator
plate. Broken white line coordinates drawn from fixed
bony points. Lower X-ray. With reference to the horizon-
tal and vertical coordinates, LP and all the organs have
been lifted upward and forward (arrows). Lifting upward
stretches and narrows the urethral and anal tubes, expo-
nentially increasing the resistance to flow through the
tubes, temporarily restoring continence. Note how the
vagina has been elevated to temporarily support the blad-
der base and the stretch receptors “N.” This explains how
“squeezing” mitigates urgency

Surgery

The damaged ligaments are shortened and
repaired with tensioned strips of tape placed
along the length of the damaged ligament
(Fig. 3.20). PUL can be repaired using any
midurethral sling method. The posterior sling can
similarly be repaired by any posterior sling

tail bone

pubic bone

Front ligaments Middle ligaments Back ligaments
(PUL & EUL) (ATFP & CL) (USL & PB)
cystocoele 2 rectocoele 4
uterine/apical prolapse 3
1l stress
incontinence
-
abnormal X
emptying
| f |
X frequency and X
urgency X
nocturia
faecal faecal obstructed X
incontinence incontinence defecation
pelvic pain X

tethered vagina

Fig. 3.19 Pictorial diagnostic algorithm. The damaged
ligaments are located using the pictorial algorithm.
Because symptoms such as urgency and abnormal emp-
tying may be caused by ligament damage in more than
one zone, all rectangles for that symptom should be
marked. The area of the symptom rectangles indicates
the estimated frequency of symptom causation occurring
in each zone. The main ligaments causing the symptoms
and prolapse in each zone are indicated in capital letters,
two in each zone: PUL = pubourethral ligament, EUL =
external urethral ligament (anterior ligaments); ATFP =
arcus tendineus fascia pelvis, CL = cardinal ligament
complex (middle ligaments); USL = uterosacral liga-
ment, PB = perineal body (posterior ligaments). The
numbers in the figure correlate with structural damage
and with ligament damage: 1, USI; 2, cystocele; 3, uter-
ine prolapse; 4, rectocele. The diagnosis for this patient
is cardinal/uterosacral damage and perineal body liga-
ment damage. Note: Major symptoms may occur with
minimal ligament damage

method (without mesh sheet attached). ATFP,
PB, and CL can only be repaired using the TFS
system [19].
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Fig. 3.20 The TFS shortens and reinforces loose or
damaged ligaments. The tape is applied along the length
of the ligaments to tension and shorten them: PUL (pubo-
urethral); ATFP (arcus tendineus fascia pelvis); CL (car-
dinal); USL (uterosacral); deep transversus perinei part
of PB (perineal body). The tape creates a collagenous
reaction which strengthens the damaged ligament. Inset:
TES tool — A polypropylene anchor 11x4 mm sits on a
stainless steel applicator. A lightweight macropore mono-
filament tape passes through a one-way system at the
anchor base which shortens and tensions the damaged
ligament

Results of Posterior Sling Surgery Cures
Pain, Bladder, and Fecal Incontinence

Two different methods were used to repair uterine/
apical prolapse ranging from stage 2 to stage 4, a
total of 1420 patients, 809 with infracoccygeal
sacropexy (posterior IVS) and 611 patients with
TES cardinal/uterosacral ligament repair [18].
Results are shown in Table 3.1. A 90% cure rate
was achieved with both methods for POP [20].

Table 3.1 Results of posterior sling surgery cures pain, bladder, and fecal incontinence

No. patients with symptom or condition/
total patients (%)
Pre-PIVS Pre-TFS Post-PIVS Post-TFS

Pelvic pain ~ 405/809 194/611 131/809  42/611
(50) (1) (16) @)
Nocturia 286/809  254/611 59/809 77/611
(35 (41 (13) (N
Urge 322/809  317/611 100/809  51/611
incontinence (40) (52) (12) (8)
Frequency  233/549 310/611 48/549 (9) 55/611
(42) (51) ©)
Fecal 69/324 95/532  17/324 (5) 34/532
incontinence (21) (17) 6)
Apical 809/809 611/611 56/809 (7) 63/611
prolapse (100) (100) (10)

“No continuity correction

Confidence interval of
difference between

proportions® Probability (two-tailed)?
Pre-PIVS vs  Post-PIVS ~ Pre-PIVS vs  Post-PIVS
pre-TES vs post-TES  pre = TES vs post-TES
0.13t00.23 0.06t0 0.12 <0.0001 <0.0002
0.011t0o0.11 0.021 to 0.017 0.0008
0.085
0.069 to 0.17 0.007 to <0.0002 0.015
0.071
0.025t0 0.14 —0.03 to 0.0047 0.87
0.035
—0.015 to 0.023 to 0.167 0.49
0.094 0.042
—0.005 to 0.0047to  # 0.022
0.005 0.064

Z-test comparing PIVS vs TFS, before or after surgery (www.vassarstats.net)


http://www.vassarstats.net
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Summary

Bladder and anorectal function are linked and
conceptually similar in normal function and dys-
function. Three cortically controlled directional
striated muscle vector forces pull in opposite
directions against firm suspensory ligaments.
This concept is key to understanding the Integral
Theory. If the ligaments are loose, the contractile
force of the muscles which contract against them
diminishes. All functions related to the muscles
are affected: closure, evacuation, control of the
micturition, and defecation reflexes.

These actions stretch the tissues to close the
urethral and anorectal tubes. Simplistically, the
forward muscles close the distal part of these
tubes. The backward muscles stretch the proxi-
mal part of the tubes backward and downward
against firm suspensory ligaments to close them
in a “kinking-type” action. The same opposite
muscle forces stretch the organs to support
peripheral stretch receptors in the bladder and
bowel mucosa. All these three actions are depen-
dent on firm suspensory ligaments. When the
bladder and bowel are ready to evacuate, afferent
impulses from their stretch receptors proceed to
the cortex, which perceive them as the urge
symptom. The urge symptom signals early acti-
vation of the micturition and defecation reflexes.
When fully activated, these reflexes coordinate a
series of events which proceed to evacuate the
organs. The first event is coordinated relaxation
of the forward muscles which hold closed the
posterior walls of the urethral and anal tubes,
PCM (pubococcygeus muscle) for the urethra
and PRM (puborectalis muscle) for the anus.
Relaxation of PCM or PRM allows the posterior
muscle vectors LP (levator plate) and LMA
(conjoint longitudinal muscles of the anus) to
pull open the posterior walls of the urethra or
anus. This action opens out the urethra and anus
and vastly diminishes the internal resistance to
evacuation of urine and feces. The smooth mus-
cle walls of the bladder and rectum then contract
in a type of spasm to empty their contents.

Age and childbirth weaken the collagen of the
suspensory ligaments, collagen being the most
vulnerable component of this system. Because
the striated muscle vectors require firm ligamen-
tous anchoring points, the contractile forces
which close the urethral and anal tubes weaken.
The outlet tubes cannot be closed adequately
(incontinence). Because the same backward
forces also open the urethral and anal tubes, inad-
equate backward stretching to open the tubes
means the bladder and rectum have to open
against a partly unopened tube. The patient per-
ceives this as “obstructive symptoms,” micturi-
tion difficulties, or constipation. Nor can the
organs be stretched sufficiently to support the
stretch receptors. These may fire off inappropri-
ately to be perceived as urge incontinence of
urine or feces. A symptom-based diagnostic algo-
rithm guides diagnosis of damaged ligaments.
The damage is confirmed on vaginal examination
using specific morphological criteria. Surgery
consists of shortening and reinforcing the dam-
aged ligament along its length using precisely
tensioned slings. The restored ligament reverses
the cascade of events and so restores normal
function.

Repair the structure and you will restore the func-
tion — Integral Theory

The take-home message is that the urethra and
anus are emptying tubes subject to all the physi-
cal rules of flow through a tube. No flow (clo-
sure) = continence. Full flow = normal evacuation.
Flow is exponentially determined by the radius of
the tube. The posterior muscles contract against
USL to either close the anal tube or open it by
pulling back the posterior wall of the rectum. A
loose USL can invalidate both closure (FI) and
evacuation (ODS). Because flow is exponentially
determined, only a minor looseness of USL can
cause FI, ODS, or both. Shortening and reinforc-
ing the USLs with short strips of implanted tape
have been demonstrated to reverse the cascade of
dysfunctions, not only anorectal but also bladder
and chronic pelvic pain.
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Clinical Evaluation of Continence

and Defecation

Lucia Camara Castro Oliveira, Andrea Povedano,

and Raul Fonseca

Anal continence is maintained by complex mech-
anisms, previously described in Chap. 2. Anal
incontinence is defined as the involuntary loss of
stool or gas and the inability to postpone an evacu-
ation until socially convenient in an individual
above 4 years of age [1]. The definition has been
simplified by the International Continence Society
recently, as to the involuntary loss of flatus, liquid,
or solid stool that is a social or hygienic problem
[2]. It can be related to the change in any involved
mechanisms (see Table 2.1 in Chap. 2) and has
multiple etiology (Table 4.1).

Therefore, clinical evaluation should be very
meticulous providing important information
regarding the severity of the problem and the
impact on quality of life.

Clinical Evaluation of Continency

Evaluation of an incontinent patient should
begin with a detailed history, focusing on def-
ecatory habits and particular aspects of def-
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Table 4.1 Etiologies of anal incontinence

Anal sphincter
dysfunction

Congenital anorectal
malformations
Radiation therapy
Obstetric anal sphincter
injury

Anal surgery

Perianal fistulas

Sexual abuse
Inflammatory bowel disease
Radiation proctitis
Rectocele

Rectal intussusception
Rectal prolapse

Fecal impaction

Spinal cord lesions
Stroke

Multiple sclerosis
Spina bifida

Diabetic neuropathy
Obstetric nerve damage
Systemic scleroderma
Chronic diarrhea

Rectal disorders

Neurological disorders

Rapid colorectal transit

time Irritable bowel syndrome
Psychological Encopresis
Dementia

ecation, type, and frequency of incontinent
episodes, as well as the associated factors, such
as previous surgeries, use of medications, or
trauma to the anorectal region. With a structural
workup as proposed by Ruiz and Kaiser [3], the
strategy is to review all the important issues in
the diagnostic process and define the type and
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mechanism of the incontinence, providing the
best treatment options to each case scenario
(Table 4.2).

According to the last guideline for the treat-
ment of fecal incontinence by the American
Society of Colon and Rectal Surgeons (ASCRS),
a thorough clinical history should be obtained
and has a grade 1C recommendation [4]. With
this initial clinical information, we should be able
to better classify the type of incontinence and the
basic involved mechanism.

This clinical evaluation has allowed the devel-
opment of many anal incontinence scoring sys-
tems which could help us to objectively describe

and measure the type, frequency of incontinent
episodes, the impact on quality of life, and there-
fore the severity of the problem. The ASCRS and
International Continence Society’s (ICS) already
mentioned guidelines recommend the use of
those instruments because they can help to select
the best treatment options as well as to measure
the response to treatment over time. Moreover,
the use of similar validated instruments can facil-
itate comparisons between different institutions.
In Table 4.3 we can appreciate the different
incontinence scoring systems described in the
medical literature [5—17]. Unfortunately, the
initial scores left immediate gaps by way of com-

Table 4.2 Structured workup of patients with fecal incontinence

Details
Onset

Assessment tool
History

Quantification: staining, soilage, seepage, accidents

Qualitative assessment: passive incontinence or urge incontinence

Obstetric history: pregnancies, vaginal deliveries

Previous surgeries: anorectal surgery, hysterectomy, bladder surgery (colon and rectal

surgery, spinal surgery

Underlying diseases (diabetes, stroke, etc.)

Bowel function and stool quality

Incomplete evacuation

Stool/gas passage through vagina

Medications
Scoring instruments

Cleveland Clinic Florida Fecal Incontinence Score (CCF-FIS)

Fecal Incontinence Quality of Life score (FIQoL)
Fecal Incontinence Severity Index (FISI)

St. Mark’s Incontinence Score

EORTEC SF-36

Other scoring instruments
Physical examination

Inspection: patulous anus, folds, perineal body, keyhole, skin irritation, perineal descent,

prolapse, cloaca, rectovaginal fistula (stool in the vagina)
Digital exam: sphincter integrity, tone (rest/squeeze), compensatory contraction/

discoordination, rectocele, mass

Sensation/anal reflex

Instrumentation/visualization: rule out other pathologies (i.e., rectal tumor, proctitis)

Anorectal physiology
testing

Manometry

Compliance measurement

Anorectal sensation and volume tolerance

Nerve studies: PNTML, occasionally EMG
Placement of SNS trial electrode (phase I)

Additional evaluation in

select cases Defecating proctogram

Imaging: anorectal and endovaginal ultrasound and dynamic MRI

Evaluation by other specialties (urogynecology, urology, gastroenterology, etc.)
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Table 4.3 Incontinence scoring systems

Authors
Kelly [5]
Parks [6]

Lane [7]

Rudd [8]

Holschneider [9]
Keighley and Fielding
[10]

Corman [11]

Hiltunen [12]

Broden [13]

Womack [14]

Rainey [15]

Miller [16]

Pescatori [17]

Scoring systems

Points: 0-2 = poor; 2—4 = fair; 5-6 = good

1 = Normal

2 = Difficult control of flatus and diarrhea

3 = No control of diarrhea

4 = No solid stool control

True incontinence = loss of feces without perception or control
Partial incontinence = passage of flatus or mucus under the same conditions
Overflow incontinence = result of rectal distention without sphincter relaxation
1 = Continence

2 = Minor leak

3 = Acceptable leak

4 = Unsatisfactory major leak

5 = Total failure

Continence [resting tone at manometry (rt) > 16 mmHg]
Partial continence (rt = 9-15)

Incontinence (rt < 8)

Minor = fecal leakage once a month or less, to diarrhea
Moderate = incontinence once a week to solid stool
Severe = incontinence in most days, perineal pad
Excellent = continent all the time

Good= continent, but may require enemas

Fair= incontinent for liquid stool

Poor= incontinent for solid stool

Continent, partially continent, totally incontinent

1 =None

2 = Medium

3 = Severe incontinence

A = Continence

B = Incontinence for liquid stool

C = Incontinence to flatus and diarrhea

D = Totally incontinent

A = Continence

B = Incontinence to liquid stool

C = Incontinence to solid stool

Grade I = incontinence less frequent than once a month
Grade II = between once a month and once a week

Grade III = more than once a week

Score= flatus 1-3, fluid 4-6, solid 7-9

Incontinence for A = flatus/mucus; B = diarrhea; C = solid
stool

1 = Occasionally

2 = Weekly

3 = Daily

Score = from 0 (continent) to 6 (severe totally incontinent)

parison and generally did not take into account
the importance of altered quality of life. From the
initial proposal of Pescatori et al. in 1992 [17],
Jorge and Wexner [18] developed the first incon-
tinence score that takes into account the impact
of incontinence in quality of life (Table 4.4). This
scoring system was later validated by Rothbarth

et al. [19] and became known as the Cleveland
Clinic Florida Fecal Incontinence Score (CCF-
FIS), adopted worldwide, facilitating the com-
parisons between centers. Subsequently, Vaizey
et al. [20] introduced a new scoring system,
including the evaluation of urgency and oral
medications (Table 4.5).
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Table 4.4 Cleveland Clinic Florida Fecal Incontinence Score (CCFE-FIS) [18]

Frequency
Type of incontinence Never Rarely
Solid 0 1
Liquid 0 1
Gas 0 1
Wears pad 0 1
Lifestyle alteration 0 1

Sometimes Usually Always
2 3 4
2 3 4
2 3 4
2 3 4
2 3 4

Never, 0 (never); rarely (<1/month); sometimes (<1/week >1/month); usually (<1/day >1/week); always (>1/day).

0 = perfect continence; 20 = complete incontinence

Table 4.5 Vaizey Continence Index [20]

Never
Solid stool 0
Liquid stool 0
Gas 0
Lifestyle alteration 0

Need to use anal plug
Taking constipating medications
Lack of ability to defer defecation for 15 min

Rarely Sometimes Weekly Daily
1 2 3 4
1 2 3 4
1 2 3 4
1 2 3 4
No Yes
0 2
0 2
0 4

Never, no episodes in the past 4 weeks; Rarely, one episode in the past 4 weeks; Sometimes, >1 episode in the past 4
weeks but <1 a week; Weekly, one or more episodes a week but <1 a day; Daily, one or more episodes a day. Add one
score from each row: minimum score = 0 = perfect continence; maximum score = 24 = totally incontinent

Another important aspect of clinical evalu-
ation is the evaluation of quality of life. The
American Society of Colon and Rectal Surgeons
(ASCRS) developed an instrument based on the
quality of life questionnaire SF-36, where ques-
tions are separated into four domains: (1) life-
style, (2) habits, (3) self-esteem and possible
depression symptoms, and (4) shame due to the
problem (Table 4.6) [21]. The use of validated
and reproducible scoring systems and quality of
life instruments constitutes an important aspect
of the clinical evaluation process [22].

More recently, with the integration of specialties
and development of a pelvic floor subspecialty, we
understood the importance of assessing the pelvic
floor as a unit. In 2014, Altomare [23] et al. pro-
posed another scale to assess the organs of the pel-
vic floor in a more holistic way — the Three Axial
Perineal Evaluation (TAPE), which includes evalu-
ation of incontinence, constipation, urinary incon-
tinence, sexual dysfunction, pelvic organ prolapse,
and urinary retention (Table 4.7). In this three-axial
scale, the data is transformed into a visual geomet-

ric graphic (Fig. 4.1). Finally, because one of the
consequences of the treatment of rectal cancer is
sphincter dysfunction, a specific scale was proposed
by Laurberg and colleagues [24] to assess patients
with incontinence and defecation disorders — low
anterior resection score (LARS), which will be dis-
cussed in Chaps. 32 and 33 (Table 4.8).

As presented by Ruiz and Kaiser, our per-
sonal clinical workup for incontinent patients in
the Department of Anorectal Physiology of Rio
de Janeiro [25] also includes the following steps:
(1) detailed clinical history to assess type and fre-
quency of incontinence episodes with evaluation
of relevant aspects such as previous surgeries,
concomitant systemic diseases, congenital mal-
formations, sexual abuse, and obstetrical history
(Table 4.9); (2) application of the CCF-FIS and
Fecal Incontinence Quality of Life (FIQL) scale
to assess severity and impact of symptoms; (3)
detailed physical exam looking for scars (Fig. 4.2),
soiling, anorectal pathologies with wet anus
(Fig. 4.3), pelvic floor prolapses, including recto-
celes (Fig. 4.4), perianal dermatitis, patulous anus
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Table 4.6 Fecal Incontinence Quality of Life (FIQoL) Scale [21]

Question I: In general would you say that your health is
1. () excellent; 2. () very good; 3. () fair; 4. () regular; 5. () poor
Question 2: For each of the items, please indicate how often is this issue a concern for you due to accidental bowel leakage.

[If it is a concern for you for reasons other than accidental bowel leakage, then check the box under not applicable (N/A).]

Due to accidental bowel leakage:

QW >

T m

. Tam afraid to go out

. Tavoid visiting friends

. Tavoid staying overnight away from home

. Itis difficult for me to get out and do things
like going to a movie or to church

. I cut down on how much I eat before I go out

. Whenever I am away from home, I try to stay

near a restroom as much as possible

G. Itis important to plan my schedule (daily

activities) around my bowel pattern

H. I avoid traveling

L

I worry about not being able to get to the toilet
in time

J. Ifeel I have no control over my bowels
K. Ican’t hold my bowel movement long

enough to get to the bathroom

L. Ileak stool without even knowing it
M. Itry to prevent bowel accidents by staying

Question 3:Due to accidental bowel leakage, indicate the extent to which you agree or disagree with each of the following
items. [If it is a concern for you for reasons other than accidental bowel leakage, then check the box under not applicable

very near a bathroom

(N/A).]
Due to accidental bowel leakage:

L

T QmmgnOwp

. Feel ashamed

. I cannot do many of things I want to do

. I worry about bowel accidents

. I feel depressed

. I worry about others smelling stool on me
I feel like I am not a healthy person

. Tenjoy life less

. I'have sex less often than I would like to
I feel different from other people

J. The possibility of bowel accidents is always

on my mind

K. T am afraid to have sex

L. Tavoid traveling by place or train
M. I avoid going out to eat
N. Whenever I go someplace new, I especially

locate where the bathrooms are

Most of
the time

—_ = = =

Strongly
agree

Some of the A little of the None of

time

NS NSRS I S

NS}

Somewhat
agree

[SSI ST S NS T (SR SR NS T (S I S I S

(NS S I (S I S

time

W W W W

(95}

Somewhat
disagree

W W W W W W W W W W

W W W W

the time

TN NN

I

Strongly
disagree

O O SOR O O N O O N

U N

Not

applicable

(N/A)

Not

applicable

(N/A)

Question 4: During the past month, have you felt so sad, discouraged, hopeless, or had so many problems that you
wondered if anything was worthwhile?

AN AW =

. () extremely so — to the point that I have just about given up

. () Very much so

. () Quite a bit

. () Some- enough to bother me
. () A little bit

. () Not at all
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or a cloacal anus (Figs. 4.5 and 4.6), anorectal and
vaginal fistulas, cutaneous pinprick reflex, digital
exam to assess sphincter tonus and presence of
anismus and retained stool; rectosigmoidoscopy
to exclude rectal tumors, solitary rectal ulcer, and
internal intussusception; additional endoscopic
examinations should be indicated on a case-by-
case basis; and (4) anorectal studies, specifically
anal manometry and endoanal ultrasound; other
imaging modalities such as cinedefecography, tri-
dimensional echodefecogaphy, or MRI defecog-
raphy could be performed when organ prolapse or
internal intussusception is suspected. In Fig. 4.7 an
algorithm for evaluation of patients with inconti-
nence is proposed.

Table 4.7 TAPE score

Parameter Scales used

Fecal St. Mark’s score (Vaisey) = 0-24
incontinence points

Constipation Altomare = 0-31 points

Urinary ICIQ-SF = 0-21 points
incontinence

Pelvic organs Baden—Walker Halfway
prolapse System= 0-3 points

Sexual PISQ-IR = gross values
dysfunction

Urinary Graduation according to retained
retention urinary volume = 0-3 points

a Three axes Perineal Evaluation Score

Sex. Tr.=10.00

Obs. Def. = 10.00 Ur. Ret. = 10.00

Ur. Inc.=10.00 Fec Inc. = 10.00

Gen. Pro. = 10.00

Area = 259.81
Area Percent = 100.00%

Fig. 4.1 Tape score. Pelvic floor function (PFF) polygon
defining anorectal, urinary, and gynaecological functions
in a normal subject (a) and a patient with urinary inconti-

Clinical Evaluation of Defecation

Individuals who present a clinical condition of
evacuation difficulty are frequently regarded as
constipated. In fact, the definition of bowel consti-
pation has been subject of much discussion, as it is
a complex multifactorial condition that sets off a
variety of symptoms, which are described in vari-
ous ways, such as “small fecal quantity,” “decrease
in the number of evacuations,” “hard stools,” “sen-
sation of incomplete evacuation,” “difficulty during
evacuation,” or “retained feces.” These conditions
may occur in isolation or not. Based on a study per-
formed in constipated patients, it was observed that
31% of individuals who were considered “normal”
reported they had strived to evacuate from one to
four times a month [26]. In contrast, in 34% of the
same “normal” individuals who complained about
incomplete evacuation at least once a month, only
5% frequently reported such complaint. According
to Yang et al. [27], about 10% of the normal popu-
lation consider they are constipated. It is believed
that up to 95% of the adult Western population
shows an evacuation rate ranging from once every
2 days to twice a day [28]. Many patients who are
at times classified as chronically constipated notice
a brief alteration in their bowel habits, while other
patients show symptoms related to the irritable
bowel syndrome, which hinders data interpretation.

b Three axes Perineal Evaluation Score

Obs. Def. = 10.00 Ur. Ret. = 10.00

Ur.Inc.=5.24 Fec. Inc.=7.92

Gen. Pro. = 10.00

Area =182.15
Area Percent = 70.11%

nence, sexual problems and minor fecal incontinence (b).
(Reused with permission © John Wiley and Sons [23])
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Table 4.8 Low anterior resection score (LARS)

1. Do you ever have occasions when you cannot
control your flatus (wind)?

() No, never 0
() Yes, less than once per week 4
() Yes, at least once per week 7
2. Do you ever have any accidental leakage of liquid
stool?
() No, never 0
() Yes, less than once per week 3
() Yes, at least once per week 3
3. How often do you open your bowels?
() More than 7 times per day (24 hours) 4
()47 Times per day (24 hours) 2
() 1-3 Times per day (24 hours) 0
() Less than once per day (24 hours) 5
4. Do you ever have to open your bowels again within
1 hour of the last bowel opening?
() No, never 0
() Yes, less than once per week 9
() Yes, at least once per week 11
5. Do you ever have such a strong urge to open your
bowels that you have to rush to the toilet?
() No, never 0
() Yes, less than once per week 11
() Yes, at least once per week 16
Total score

0-20, no LARS; 21-29, minor LARS; 30—42 major
LARS

In general, constipation can be defined as the
evacuation of scarce, infrequent, and excessively
hard stools, with an evacuation frequency inferior
to once every 72 hours or a fecal mass below 35 g
per day [29]. According to the Rome Criteria [30,
31], a constipated individual must show two or
more of the following criteria:

e Difficulty to evacuate in 25% or more of
evacuations

e The sensation of incomplete evacuation in
25% or of evacuations

e Hardened or petrous feces in 25% or more of
evacuations

Therefore, when a patient complains about con-
stipation, a detailed history about the dietary hab-
its must be investigated. Patients with a low-fiber
diet and little water ingestion are in an increased
risk for developing constipation. The use of a food

Table 4.9 Physical examination of incontinent patient

Abdominal
evaluation

Palpation: Masses, distension
Auscultation: meteorism
Perineal sensitivity
Anal reflex (pinprick reflex)
Mental state
Inspection:

Abrasions

Signs of infection

Soiling

Scars

Mucous ectropion

Mucosal and rectal prolapse

Patulous anus

Perineal body

Muscle deficit

Excessive descent of the perineum

with the Valsalva maneuver
Fistulas, abscesses, fissures
Anal reflex
Resting tone to DRE
Voluntary contraction
Puborectalis sensitivity and tone
Muscle injuries
Fecaloma
Tumors
Inflammatory lesions
Internal prolapse
Rectocele, enterocele
Hemorrhoids
Rectal solitary ulcer
Inflammatory proctitis
Fistulas
Tumors

Neurologic
evaluation

Perianal
evaluation

Palpation
(DRE)

Anoscopy

frequency questionnaire and the integrated work
with a nutrition team can help to understand the
exact quantity of fibers and liquid utilized by the
patient, enabling proper adjustments. In addi-
tion, evaluation of the patient’s physical activity
and the defecation attempts are investigated. The
voluntary inhibition of the evacuation urge can
interfere with the defecation reflex: the retained
stool dilates the rectum and the individual stops
feeling the defecation urge, starting to retain the
feces for a longer time. This mechanism is com-
mon in children and women and it is related to
the psychogenic megacolon condition. The use
of a fecal form scale (Bristol Stool Scale) [32] is
a simple way to identify individuals that present
with very hard or lumpy stools, commonly associ-
ated with straining on defecation and constipation.
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Fig.4.2 Detailed physical examination looking for scars

Fig. 4.3 Wet anus

The clinical history must also investigate the pres-
ence of extracolonic causes of constipation, such
as neurologic disorders, previous pelvic surgeries,
hypothyroidism, medular trauma, sexual abuse,
psychiatric and eating disorders, use of constipat-
ing agents, and other secondary causes of consti-
pation (Table 4.10) [33, 34].

Patients that complain of anal pain during
defecation can have an associated hypertonic
sphincter or anal fissure (Fig. 4.8). Bleeding
hemorrhoids and mucosal prolapse can also
occur due to straining or in the presence of anal
fissure. The chronic consumption of irritant laxa-
tives, such as bisacodyl and phenolphthalein, can
be associated with melanosis coli (Fig. 4.9) [35].

Fig. 4.4 Rectocele

Fig. 4.5 Patulous anus
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Fig.4.6 Cloacal anus

In an attempt to establish a classification sys-
tem for constipation, Agachan et al. [36] devel-
oped a questionnaire to evaluate this condition
(Table 4.11). Based on this questionnaire, the
authors established graduation of the sever-
ity of a symptom, similar to the severity scales
for fecal incontinence. Although it has not been
statistically validated, this study is the pioneer
in graduating constipation severity, showing an
intimate relation between the symptoms and the
objective findings of the physical exam and the
data resulting from the diagnostic methods. It
is fundamental to assess the number of evacua-

Fecal Incontinence

Irritable Bowel
Syndrome

Diverticular disease
as other cause of
diarrhea

History and Physical
Examination

Prolapse

)

)
)

Pseudoincontinence J

Perineal descent

)

[

Y

Cleveland Clinic Florida
Fecal Incontinence Scale
(CCF-FIS)™® (1)

Y

Fecal Incontinence
Quality of life Scale
(FIQoL)?!

[ Light (1) 0-6 J

[ Moderate (Il) 7-11 J

[ Severe (Il) 12-20 J

Conservative

Measures

Fig. 4.7 Algorithm for the treatment of fecal incontinence

Diagnostic evaluation by means of
available methods, mainly manometry
and ultrasonography
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Table 4.10 Extracolonic cause of constipation

Medications
Analgesics
Anticonvulsants, antidepressants, anticholinergics
Antiparkinsonians, opioids, diuretics, ferrous sulfate.
Antacids, anesthetics (paralytics agents)
Antihypertensives (monoamine oxidase inhibitors
[MAO])
Neurological diseases
Spinal cord injuries
Iatrogenics (erection nerve injury)
Tumors in cauda equina
Meningocele tabes dorsalis
Trauma
Paraplegia
Brain injuries
Parkinson’s disease
Stroke
Tumors
Peripheral lesions
Multiple endocrine neoplasia type I1B
Autonomic neuropathy
Chagas’s disease
Hirschsprung’s disease
von Recklinghausen’s disease
Endocrines/metabolic disease
Diabetes mellitus
Hypothyroidism
Hypopituitarism
Scleroderma
Hyperparathyroidism/hypercalcemia
Porphyria/uremia
Pheochromocytoma
Hypopotassemia

i

Fig. 4.8 Anal fissure

tions; the consistency and aspect of the feces; the
presence of mucus or bleeding, evacuation pain,
and sensation of incomplete evacuation; and the
necessity of digital maneuvers to aid defecation.

Fig. 4.9 Melanosis coli

Detailed information about laxative and diet hab-
its must also be obtained. The incidence of func-
tional diseases (e.g., irritable bowel syndrome
and diverticular disease) must be searched in
patients that show symptoms such as abdominal
pain, mainly those located in the left lower quad-
rant as well as abdominal bloating, and recent
altered bowel habits. Painful evacuation can be
present in patients with anorectal inflammatory
pathologies.

Physical exam should include the inspection
of the anorectal area in order to exclude rectal
tumors anal stenosis, rectal invagination, throm-
bosed hemorrhoids, or anal fissures. A complete
proctologic exam can reveal the presence of mel-
anosis coli, which indicates the use of laxatives,
solitary rectal ulcer, rectal prolapse, descending
perineal syndrome, and rectocele. The presence
of fecal impaction must be investigated in the
elderly and children (Fig. 4.10).

Although colonoscopy and barium enema
were the most utilized methods for colon investi-
gation, virtual colonoscopy has been introduced
recently (Fig. 4.11) [37]. In case of intestinal
polyposis syndromes or family history of intes-
tinal neoplasia, the colonoscopy is the best
choice. Although colonoscopy is the method of
choice for investigation of the colon, a barium
enema can provide important information to the
colorectal surgeon, such as the configuration of
the colon, the loss of haustrations, the presence
of a hypertonic colon associated with diverticular
disease, and a redundant colon (Fig. 4.12).
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Table 4.11 Constipation Scoring System [36]

Frequency of bowel movements Index
One to two times per 1-2 days 0
Two times per week 1
Once per week 2
Less than once per week 3
Less than once per month 4
Difficulty: painful evacuation effort

Never 0
Rarely 1
Sometimes 2
Usually 3
Always 4
Completeness: feeling incomplete

Never 0
Rarely 1
Sometimes 2
Usually 3
Always 4
Pain: abdominal pain

Never 0
Rarely 1
Sometimes 2
Usually 3
Always 4
Time: minutes in lavatory per attempt

Less than 5 0
5-10 1
10-20 2
20-30 3
More than 30 4
Assistance: type of assistance

Without assistance 0

—_

Stimulative laxatives
Digital assistance or enema 2
Failure: unsuccessful attempts for
evacuation per 24 hours

Never 0
1-3 1
3-6 2
6-9 3
>9 4
History: duration of constipation (yr)

0 0
1-5 1
5-10 2
10-20 3
>20 4

Minimum score, 0; Maximum score, 30

When a suspected aganglionic colon is the
present case, a barium enema with the lateral
views can demonstrate the transitional zones
between aganglionic segments and the dilated
proximal colon. In children, the barium enema
has represented a safe and reliable method for

Fig.4.12 Redundant colon
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Fig.4.13 Volumnous fecaloma

the investigation of psychogenic megacolon
or encopresis, and, sometimes, it can demon-
strate fecal impact and voluminous fecalomas
(Fig. 4.13).

In patients with constipation, it is important
to exclude all the organic causes and specially
constipation associated with inadequate diet.
Once those factors are ruled out, especially in
patients with evacuation frequency lower than
three times a week, a functional evaluation of
the colon is indicated in order to diagnose con-
ditions such as colonic inertia or obstructed def-
ecation syndrome or anismus [38] (Table 4.12).
The algorithm in Fig. 4.14 lists the most com-
monly used functional methods for the evalua-
tion of the functional constipation.

Finally, the terms and definitions of the most
used exams in the physiological evaluation of
anorectal disorders are described based on the
American Society of Colon and Rectal Surgeons
guidelines [2, 39, 40].

Table 4.12 Methods of physiology for the investigation
of intestinal constipation

Tests

Anorectal manometry Rectoanal inhibitory reflex
RAIR present or absent
Anal hypertonia
Paradoxical puborectalis
contraction

Short or ultrashort waves
Colonic inertia

Obstructed defecation
syndrome

Paradoxical puborectalis
contraction

Paradoxical puborectalis
contraction

Sigmoidocele

Rectocele

Perineal descent syndrome
Anal intussusception
Rectal prolapse
Paradoxical puborectalis
contraction

Paradoxical puborectalis
contraction

Sigmoidocele

Rectocele

Perineal descent syndrome
Anal intussusception
Enterocele

Small bowel slow transit

Colonic transit time

Balloon expulsion test

Videodefecogram

Anal electromyography
Echodefecography and

Dynamic MRI
defecography

Expired hydrogen test

Terms and Definitions
of the Anorectal Physiology
Guidelines

Anal sensation: It is the sensation in the anal
canal measured by anal mucosal electrosensitiv-
ity. It reflects the somatic sensory component of
the pudendal nerve.

Anal pressures: High-pressure zone 1is the
length of the anal canal with resting pressures
at least 30% higher than rectal pressure. Resting
pressure is the pressure in the high-pressure zone
at rest after a period of stabilization. Maximum
resting pressure is the highest resting pressure
recorded. Mean resting pressure is the mean of
the resting pressures recorded within the high-
pressure zone. Maximum voluntary pressure is
the highest pressure recorded above the base-
line (zero) at any level of the anal canal during
maximum squeeze effort by the patient. Squeeze
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Constipation

History and Physical
Examination

Organic
causes of
constipation

Functional
constipation

Specific
treatment

Conservative
treatment with
fiber and clinical
measures

( Improved )

( Unchanged )

Colonic
transit

time

( Norlma. ) ( Abno:rma. )

Defecography and/or manometry and/or
echodefecography

Fig.4.14 Algorithm for treatment of functional constipation

pressure is the pressure increment above resting
pressure following voluntary squeeze contraction
and is a calculated value that is the difference
between the maximum voluntary pressure and
the resting pressure at the same level of the anal
canal. Cough pressure is the pressure increment
above resting pressure following a cough and is
a calculated value that is the difference between
the maximum pressure recorded during cough

and the resting pressure at the same level in the
anal canal. Sphincter endurance is the length of
time the patient can maintain a squeeze pressure
above the resting pressure.

Anorectal angle: It is the proctographic angle
between the mid-axial longitudinal axis of the
rectum and the anal canal. Normal values range
from 90 to 110 degrees at rest.
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Anismus (nonrelaxation of the puborectalis
and paradoxical contraction of the puborectalis):
It is defined by either the observation of a nonre-
laxation of the puborectalis or actual paradoxical
contraction of the puborectalis at the anorectal
junction during evacuation. Anismus can be addi-
tionally categorized into four types on anorectal
manometry based on patient ability to generate
adequate pushing force and the type of sphincter
contraction.

e Type I: The patient can generate and adequate
rise in intra-abdominal pressure, yet there is a
paradoxical increase in anal sphincter
pressures.

e Type II: The patient is unable to generate an
adequate rise in intrarectal pressures and has a
paradoxical anal sphincter contraction.

e Type III: The patient can generate an adequate
intra-abdominal pressure but has either absent
or incomplete (<20%) anal sphincter
relaxation.

e Type IV: The patient is unable to generate an
adequate pushing force and demonstrates an
absent or incomplete sphincter relaxation.

Balloon expulsion test. Measures the ability
of the patient to expel a balloon insufflated with
50 =+ 60 cc of water.

Defecography: This is a dynamic fluoroscopic
examination performed with rectal contrast to
study the anatomy and function of the anorec-
tum and pelvic floor during defecation. Triple-
contrast defecography: Standard defecography
with the addition of contrast into the small bowel
and vagina.

Dynamic MRI defecography: The rectum is
opacified with ultrasound gel. The patient is then
asked to evacuate gel (supine or sitting), while
the MRI captures dynamic evacuation images.

Dynamic ultrasound defecography: The rec-
tum is opacified with ultrasound gel. The patient
is then asked to evacuate gel (in lithotomy or in a
left lateral decubitus position), while the ultraso-
nographer captures dynamic evacuation images
with an intrarectal or a perineal ultrasound probe.

Electromyography: It registers the change of
base electric activity in the motor units of the
internal anal sphincter and levator ani during
muscle activity.

Electromyography recruitment: Electromy-
ography recruitment records the change from
basal electrical activity of motor units of the
external anal sphincter and levator muscles
during muscle activity. This test is usually per-
formed with surface electrodes or an intra-anal
sponge with electrodes. Needle electrodes are
painful and not used. Patients with normal ano-
rectal function are expected to show a relaxation
of the puborectalis when asked to push and a
contraction of the puborectalis when asked to
squeeze the anus closed.

Enterocele: On defecography, enterocele is
classified as small bowel present between the
rectum and vagina, reaching lower than the upper
third of the vagina during evacuation effort. A
first-degree enterocele is above the pubococcy-
geal line. A second-degree enterocele is below
the pubococcygeal line but above the ischio-
coccygeal line, and a third-degree enterocele is
below the ischiococcygeal line. Alternatively,
herniations of the peritoneal sac with contained
peritoneoceles, omentoceles, sigmoidoceles,
and enteroceles can be graded as small (<3 cm),
moderate (3—6 cm), and large (>6 cm) by mea-
suring the largest distance between the pubococ-
cygeal line and the most inferior point of the sac.

Measurements for rectal sensation: Evaluation
of rectal sensation is performed by placing a
balloon catheter above the anorectal ring. The
balloon is gradually inflated with air. Sensory
threshold + the minimum rectal volume per-
ceived by the patient. Urge sensation + the vol-
ume associated with the initial urge to defecate.
Maximum tolerated volume =+ the volume at
which the patient experiences discomfort and an
intense desire to defecate.

Mucosal prolapse: Protrusion of rectal mucosa
into or beyond the anal canal.

Peritoneocele/omentocele: On defecogra-
phy, peritoneocele is a protrusion of the peri-
toneum between the rectum and the vagina
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that does not contain any abdominal viscera. A
first-degree peritoneocele/omentocele is above
the pubococcygeal line, a second-degree peri-
toneocele/omentocele is below the pubococcy-
geal line but is above the ischiococcygeal line,
and a third-degree peritoneocele/omentocele is
below the ischiococcygeal line. Alternatively,
herniations of the peritoneal sac with con-
tained peritoneoceles, omentoceles, sigmoido-
celes, and enteroceles can be graded as small
(<3 cm), moderate (3—6 cm), and large (>6 cm)
by measuring the largest distance between the
pubococcygeal line and the most inferior point
of the sac.

Perineal descent: Perineal descent is the cau-
dad movement of the pelvic floor with strain-
ing. It is measured clinically by the position of
the anal verge in relationship to the plane of the
ischial tuberosities at rest and during maximal
straining. It is measured on defecography as the
difference between the position of the anorectal
junction at rest and during maximal straining.
Normal values are <2 cm. Additional measure-
ments of the degree of descent can be generated
with two additional reference lines.

A. H line measures hiatal width. This measure-
ment is taken from the inferior aspect of the
symphysis pubis to the posterior wall of the
rectum at the level of the anorectal junction.

B. M line measures the movement of the pelvic
floor away from pubococcygeal line. This
measurement is taken by extending a perpen-
dicular line from the pubococcygeal line to
the posterior end of the H line.

C. Abnormal perineal descent is present when
the H line exceeds 6 cm and when the M line
exceeds 2 cm in length.

Pudendal nerve latency: Pudendal nerve
latency is the measurement of the time from
stimulation of the pudendal nerve at the ischial
spine to the response of the external anal sphinc-
ter. Normal PNTML is <2.2 milliseconds.

Rectal anal inhibitory reflex (RAIR): Transient
decrease in resting anal pressure by >25% of
basal pressure in response to rapid insufflation

of a rectal balloon with subsequent return to
baseline.

Rectal compliance: Rectal compliance is
the measured change in pressure in response to
change in volume within a water or air-filled bal-
loon within the rectum.

Rectal prolapse: Rectal prolapse is a circum-
ferential full-thickness intussusception of the rec-
tal wall with protrusion beyond the anal canal.

Rectocele: On defecography, a rectocele is
a bulging of the rectal wall toward the vagina.
A comment regarding its size and whether
the rectocele empties with defecation with or
without digitation can help to guide treatment.
Radiographically, rectoceles are graded as
small (<2 cm), moderate (2-4 cm), and large
(>4 cm). Additional comment on the ability
to empty with and without digitation can help
guide therapy.

Sigmoidocele: It is a protrusion of the perito-
neum between the rectum and vagina that contains
sigmoid colon. Sigmoidoceles are classified by
the position of the lowest loop of sigmoid during
evacuatory effort on defecography. A first-degree
sigmoidocele is above the pubococcygeal line, a
second-degree sigmoidocele is below the pubo-
coccygeal line but is above the ischiococcygeal
line, and a third-degree sigmoidocele is below the
ischiococcygeal line.

Slow-transit constipation: Subset of func-
tional constipation in which patients report <1
bowel movement every 3 days. The presence and
severity of STC are suspected and measured by
querying patients on the degree of the decrease
in their bowel movements, the extent of the loss
of urge to defecate, the degree of need to use
laxatives to assist a bowel movement, and the
degree of bother caused by these symptoms. STC
can coexist with other functional bowel disor-
ders, such as obstructive defecation syndrome or
IBS. Additional characterization and confirma-
tion of STC require documentation of delayed
colonic transit.

Rectoanal inhibitory reflex: This is the tran-
sient decrease in resting anal pressure by >25% of
basal pressure in response to rapid inflation of a
rectal balloon with subsequent return to baseline.
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Introduction

Pelvic floor disorders are a common group of
heterogeneous pathologies that range from being
inconvenient to extremely debilitating. Although it
is essential to complete a thorough history and phys-
ical examination in patients with functional pelvic
disorders, specialized tests can greatly assist in the
evaluation, diagnosis, and management of these
complex patients. In recent years, major advances
in anorectal physiology testing and imaging have
provided a better understanding of pelvic floor dis-
orders. The methods used in evaluating anorectal
function are evolving, becoming more sophisti-
cated, and providing more clinically relevant data.

This chapter will focus on a brief introduction
to the methods of anorectal physiology testing
including

e Endoanal ultrasound
e Cinedefecography
e Magnetic resonance imaging (MRI)
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* Anorectal manometry

* Electromyography

* Pudendal nerve assessment
e Colonic transit study

Some of these exams will be detailed in a sep-
arate chapter of this book.

Endoanal Ultrasound

Anatomic evaluation of a patient with a functional
pelvic floor disorder often begins with a endoanal
ultrasound. Ultrasound uses sound waves that are
transmitted to and reabsorbed by an ultrasound
probe. Different tissues will appear differently
based on its echogenicity. Tissues with high water
content such as muscle will reflect the ultrasound
waves less and appear hypoechoic. Tissues with
less water content such as connective tissue and
fat will reflect ultrasound waves more and appear
hyperechoic.

The main utility of endoanal ultrasound plays
an essential role in evaluating the structural
integrity of the anal sphincter complex and deter-
mining surgical candidacy for sphincteroplasty,
artificial anal sphincters, sacral nerve stimula-
tion, and injectable biomaterials [1-5].

To perform the procedure, patients are
instructed to self-administer enemas to evaluate
stool from the rectal vault the day of the proce-
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dure. While the patient is in left lateral decubitus,
a lubricated ultrasound probe is placed into the
upper anal canal. The anal canal can be divided
into three levels. In the upper anal canal, the
horseshoe-shaped, hyperechoic puborectalis and
the hypoechoic internal anal sphincter (IAS) will
be visualized (Fig. 5.1). In the mid anal canal, the
concentric rings of the hyperechoic external anal
sphincter (EAS) and the hypoechoic TAS will
be visualized (Fig. 5.2). In the lower anal canal,
the IAS terminates, and the EAS appears thick
(Fig. 5.3).

Upon reviewing the images of endoanal ultra-
sound, abnormalities in the structural integrity
of the sphincter complex can be seen. Scarring,
thinning, or disruption of the sphincters can be
visualized (Fig. 5.4).

Water inside
hard cone

Walls of hard cone

Subepithelium

- Internal Sphincter
Longitudinal
Muscle

External sphincter
and Puborectails

Although endoanal ultrasound has the
advances of low cost, convenience, and accessi-
bility, the main drawback of endoanal ultrasound
is that its accuracy depends on operator experi-
ence [6-9]. However, diagnostic accuracy and
resolution of the ultrasound can be improved with
the use of 3D ultrasound and dynamic ultrasound,
which are beyond the scope of this chapter.

Cinedefecography

Cinedefecography also known as evacuation
proctography is a fluoroscopic study that is used
to investigate the physiology of defecation. Using
this modality, morphological changes in the rec-

Fig. 5.1 Endoanal ultrasound of the upper anal canal showing the puborectalis muscle. Schematic representation and

axial image. (Reused with permission © Springer Nature)
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Fig. 5.2 Endoanal ultrasound of the mid anal canal showing the two concentric sphincter muscle rings. Schematic
representation and axial image. (Reused with permission © American Gastroenterological Association)
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Water inside
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Fig. 5.3 Endoanal ultrasound of the lower anal canal showing the only the EAS. Schematic representation and axial

image. (Reused with permission © John Wiley and Sons)

Fig. 5.4 Endoanal ultrasound image of an anterior EAS
damage due to obstetrical injury. (Reused with permission
© American Gastroenterological Association)

tal wall, anal canal, vagina, and pelvic floor are
simultaneously visualized [10-12].

The patient is prepared for the study by
administering phosphate enemas prior to the
study. Then, the patient is placed in left lat-
eral decubitus, and 50 mL of liquid barium is
instilled into the rectum with a catheter fol-
lowed by insufflation of a small amount of
air. Also, 100-200 mL of barium paste is
injected into the rectum until the patient feels
rectal fullness. This study can be modified by
simultaneous instillation of vaginal contrast/
radiopaque tampons and bladder contrast for

dynamic pelvicography [13]. The patient then
sits on a radiolucent commode (Fig. 5.5), and
standard fluoroscopic equipment is used to take
images and video of the patient in rest, squeeze,
push, evacuation, and post-evacuation phases
(Fig. 5.6). Three important data points obtained
from this study are measured including the ano-
rectal angle, perineal descent, and puborectalis
length.

The anorectal angle can be defined as the
angle between the axis of the anal canal and the
tangential line of the posterior rectal wall. As
expected, the anorectal angle changes during the
different phases of defecation. It approximates
90 degrees at rest. During the squeezing phase,
puborectalis contraction makes the angle more
acute at 75 degrees resulting in elevation of the
anorectal junction. Normally, the puborectalis
relaxes during straining thereby changing the
angle to 110-180 degrees allowing the anorec-
tal junction to descend to a maximum of 3.5 cm.
Lack of these dynamic changes during relaxation
can be interpreted as paradoxical contraction of
the pelvic floor during defecation [14-16].

The pubococcygeal length or line is the dis-
tance from the tip of the coccyx to the pubis. It
can be used as a surrogate to delineate the degree
of puborectalis relaxation, and failure of the
pubococcygeal length to change during resting
and pushing phases suggests non-relaxation of
the puborectalis muscle [15].

Perineal descent is in reference to the
degree of the rectum that is below the pubo-
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Fig.5.5 Radiolucent commode. (Wiersma, T. 2006. Rectum-Dynamic Evaluation. Retrieved from http://www.radiolo-
gyassistant.nl/en/p4412caSe2c21a/rectum-dynamic-examination.html. Accessed Nov 2017)

Fig. 5.6 Appearance of normal defecography phases. (a) Resting. (b) Squeeze. (¢) Straightening of anorectal angle.
(d) Post defecation. From: Kumar et al. [14]

coccygeal line during the study. If the rectum The main advantage of cinedefecography is
is more than one-third below the pubococcy- that it gives dynamic imaging of a patient’s def-
geal line, radiologists interpret this as pelvic ecatory function under normal physiologic con-
organ prolapse. ditions [12]. For instance, if the patient required
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T
Defecating

Fig.5.6 (continued)

Fig. 5.7 Rectal Intussusception. (Wiersma, T. 2006.
Rectum-Dynamic Evaluation. Retrieved from http://www.
radiologyassistant.nl/en/p4412caSe2c2la/rectum-
dynamic-examination.html. Accessed Nov 2017)

digitation to evacuate stool, this can be imaged as
well. It also provides anatomic detail of mucosal
prolapse, intussusception (Fig. 5.7), rectocele,
and enterocele.

Post evacuation

However, the findings from this study must be
interpreted in conjunction with symptomatology
because it can demonstrate findings of question-
able clinical significance [17, 18].

Magnetic Resonance Imaging

Another modality in anatomic evaluation of
the pelvic floor is magnetic resonance imaging
(MRI). High-resolution cross-sectional images
are obtained either by an external-phased array
coil or and endoanal coil. MRI has been used
extensively in the evaluation of fecal inconti-
nence [10]. Dynamic evaluation of the pelvic
floor can be accomplished with magnetic reso-
nance defecography. While the patient is in a
sitting position, rectal contrast is instilled into
the rectum. Parameters measured are similar to
cinedefecography described above. This modal-
ity has the advantage of providing great spa-
tial resolution and soft tissue details (Fig. 5.8).
However, this exam is not easily accessible.

Anorectal Manometry

Anorectal manometry enables objective evalu-
ation of the sphincter complex of pelvic floor
(Fig. 5.9) [19]. It provides a comprehensive


http://www.radiologyassistant.nl/en/p4412ca5e2c21a/rectum-dynamic-examination.html
http://www.radiologyassistant.nl/en/p4412ca5e2c21a/rectum-dynamic-examination.html
http://www.radiologyassistant.nl/en/p4412ca5e2c21a/rectum-dynamic-examination.html

J. Leietal.

Fig.5.8 Normal MR defecogram. Normal position of the
anorectal junction at rest (arrow in a) with mild pelvic
floor lift on squeeze (b). On straining (¢) and defecation
(d), there is mild descent of the anorectal junction, with
the rectum and anal canal aligned in almost a straight line.
The broken white line in (d) is the pubococcygeal line.

The broken black line is the “H line” corresponding to the
anteroposterior dimension of the hiatus. The solid black
line is the “M line” which is the perpendicular distance
between the pubococcygeal line and the posterior anorec-
tal junction. (Reused with permission © Thieme)
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Fig.5.9 Anorectal
physiology lab set up
and equipment

picture of the anorectal sphincter function by
measuring parameters such as resting pressure,
squeeze pressure, cough reflex pressure, Valsalva
pressure changes, rectoanal inhibitory reflex, and
rectal capacity. Clinically, this information can
help in the diagnosis and management of dis-
orders such as fecal incontinence, constipation,
anal pain, and Hirschsprung’s disease.

In order to be useful, data gathered from anal
manometry must be compared to a standard of
normal values that is specific to the institution
performing the study. These normal values must
undergo routine calibration and standardization
to minimize inter-examiner variability allowing
for accurate interpretation of the data.

Several systems and probes exist to perform
anorectal manometry, each with its advantages
and disadvantages; however, these systems
require two basic components: a catheter and a
transducer. The pressure measured by the system
is generated by the resistance to the flow of per-
fusion through the catheter channels. Measured
pressures are transmitted to specialized software
which produces a polygraph. A large amount of
data can be acquired from multiple channels to
further enhance the study. Much of the software
currently available for these studies allows for
easy interpretation of the data.

Knowledge of normal pelvic floor anatomy
as well as possible dysfunction is essential for

evaluation of this complex patient population.
The anal canal measures 2-5 cm and is sur-
rounded by the internal and external anal sphinc-
ters. Importantly, there are gender differences in
canal length, and it is well known that the anal
canal is longer in men than it is in women [18].
The IAS is about 0.15-0.5 cm thick and con-
sists of involuntary muscle that is innervated by
the autonomic nervous system. The IAS is con-
tracted at rest and is responsible for 50-85% of
resting pressure. The external anal sphincter is
made of striated muscle that is under voluntary
control via the somatic innervation, specifically,
the inferior branch of the pudendal nerve (S2-S3)
and perineal branch of S4. When contracted, it
is responsible for about 20% of the resting anal
canal pressure.

Anal Manometry Systems
and Techniques

Perfusion Systems

This system was originally developed by
Arndorfer et al. [11] and uses a combination of
flexible or rigid small catheters with ranging
in diameter of 2.5-7 mm. These catheters have
multiple channels or lumens that are arranged
radially around the main axis of the catheter.
Distilled water is infused through these catheters
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Fig.5.10 1A de Coller® manometry catheter

by a pneumohydraulic pump used to attain a con-
sistent perfusion rate of 0.2-0.4 mL/min [20, 21].

Occlusion of the channels increases intralu-
minal pressure and produces resistance to the
flow of water. This resistance is measured by
transducers and interpreted as compliance of the
tissue. Different types of catheters are available
and allow the measurement of distinct param-
eters. Although many anal physiology labs use
four channel systems, the author’s lab utilizes an
eight-channel system (Narco Biosystem, Austin,
Texas).

In fact, the authors use two different catheters
for the collection of data. Our first catheter is a
Coller type 1A catheter (Fig. 5.10), and it has
eight channels radially aligned into a single cath-
eter. This catheter is used to measure the resting
and squeeze pressure with a technique of con-
tinuous withdrawal. It is withdrawn from the anal
canal at a velocity of 1 mm/s. The circumferential
pressure differentiates are recorded eight times.
Also, anal canal pressures can be measured at
stationary intervals of 0.5 cm resulting in 64
recordings. At intervals of 1 cm, only 32 record-
ings are measured. In contrast, a 4-channel cath-
eter measures only 32 and 12 pressure recordings
at 0.5 and 1 cm intervals, respectively.

The second catheter we use is a Coller type
B3 (Fig. 5.11) which has channels aligned in a
linear orientation. Moreover, it is equipped with
a balloon whose capacity is about 60 mL. It fea-
tures a central channel that measures intrarectal
pressure. Also, it measures the rectoanal inhibi-

Fig.5.11 B3 de Coller® manometry catheter

tory reflex (RAIR) and other parameters of rectal
volumetrics (first sensation, desire to evacuate,
and maximal tolerable volume).

Perfusion manometry systems have the advan-
tage of wide availability and low cost. However,
they are limited by artifacts during acquisition of
data related to the number of channels utilized,
the velocity of perfusion, and the left lateral
decubitus position.

As inferred by the above discussion, there are
two commonly used techniques for the evalu-
ation of anorectal pressure by the perfusion
manometry systems: continuous withdrawal and
withdrawal at intervals.

The continuous withdrawal (pull through)
method allows pressure readings to be made of
the length of the anal canal, from the rectum to the
anal margin. To perform this study, the catheter is
gently introduced into the rectum with the most
distal channel positioned above 6 cm proximal to
the anal margin, and it is withdrawn at a speed of
1 mm/s via a motorized or computer-controlled
arm. As the channels in the catheter pass over
the high-pressure zone (HPZ), a pressure spike
should be recorded. This method allows one to
evaluate the resting and squeeze pressure, deter-
mination of the HPZ, and sphincter dysfunc-
tion/asymmetry. To minimize artifacts from this
method, adequate lubrication and maintenance of
constant withdrawal velocity are required.

The interval withdrawal method is performed
by advancing the catheter 6 cm into the rec-
tum so that the most distal channel is adjacent
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to the HPZ. Next, it is withdrawn at intervals of
0.5-1 cm every 30 seconds between withdrawals
to allow stabilization of pressures. Static mea-
surements at rest and squeeze are taken at these
intervals. Although this method provides reliable
pressure recordings at these intervals, it is hard to
get a complete picture of sphincter function.

Microtransducer Systems

This system uses catheters with fine and flexible
pressure sensors and microtransducers. These
microtransducers consist pressure-sensitive dia-
phragms with semiconductors. This type of cath-
eter allows the pressure sensor to come in direct
contact with the area being investigated thereby
providing direct measurements of pressures in
the anal canal. A unique feature of this system is
that it can be used in any patient and even while
the patient is ambulating. Currently, this is the
only system that allows for continuous ambula-
tory evaluation; however, its use is limited by
greater fragility and high cost.

Balloon Systems

The largest evidence for use of balloon systems in
manometry is from Shuster et al. [20] who used a
system with two to three balloons filled with air.
The device consisted of a small hollow cylinder sur-
rounded by a latex balloon to create two compart-
ments. The two parts of the balloon are connected
to pressure transducers. The catheter is positioned
in the anal canal and the balloon inflated until it
is fixated in the rectum. The internal balloon mea-
sures the internal pressure of the anal canal, while
the outer balloon measures the pressures of the
anal sphincter. A modification can be made where
a third balloon is placed in the proximal portion of
the cylinder to measure pressures in the rectum.

High-Resolution Anorectal Manometry
(HR-ARM)

Since its initial introduction in 2007, high-
resolution anometry catheters are increasingly
used in clinical practice. There are two types
of catheters utilized: high-resolution anorectal
manometry (HR-ARM) and high-definition ano-

rectal manometry (HD-RAM). Unlike earlier
catheters which have up to six unidirectional
sensors, HR-ARM and HD-ARM catheters con-
tain several closely spaced circumferential sen-
sor elements along the longitudinal axis with the
pressure-sensing element varying among differ-
ent systems.

High-resolution anometry catheters provide
several advantages over traditional catheters. These
systems provide a continuous and dynamic spatio-
temporal mapping of anorectal pressures allowing
for easier and more detailed data interpretation
[22]. Patient comfort with the procedure is also
improved with HR-ARM because the time needed
for the exam is much shorter because the catheters
do not require pull-through and a topographic dis-
play enables rapid positioning of the probe [23].

The main disadvantage of this system is
that the catheters are expensive, fragile, and
are less durable [23]. Also, these catheters are
temperature-sensitive, which require a thermal
compensation algorithm built into the soft-
ware [24-26]. While pressures recorded with
HR-ARM and traditional manometry corre-
late well, anal sphincter pressures at rest and
squeeze are often higher with HR-ARM. It is
thought that this is due to improved sensitivity
of measurements with sensors in the high-reso-
lution probe [27].

Like traditional anorectal manometry,
HR-ARM are either water-perfused or solid state.
A brief review of these catheters will be given
here. Given Imaging HR-ARM systems are solid-
state catheters (ManoScan AR catheters) with an
outer diameter of 4.2 mm. There are two differ-
ent types of probes. The regular probe (AAN) has
12 circumferential sensors, including tensors at
5 mm intervals along the anal canal and 2 sen-
sors in the rectal balloon. The balloon is 3.3-cm-
long and has a maximum capacity of 400 mL. In
contrast, the small probe (APN) has 8 circumfer-
ential sensors and 1 balloon sensor. The balloon
is again 3.3-cm-long and has a maximum capac-
ity of 300 mL. Either of these catheters have 36
circumferentially oriented, pressure-sensing ele-
ments that acquire data at 35 Hz. These 36 sec-
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tor pressures are averaged to yield a single value.
The data acquired are displayed using ManoScan
AR analysis software.

The eSleeve option in the software produces
a single value derived from all the recorded pres-
sure across the anal value. This eSleeve value
is used to calculate the average and maximum
anal resting pressure and the maximum squeeze
pressure over 20 seconds during these maneu-
vers. During simulated evacuation, the eSleeve
identifies the rectoanal gradient between over a
20-second interval [25].

Sandhill HR-AM (Denver, CO, USA) system
uses a 4-mm-diameter probe that has eight direc-
tional solid-state sensors. The sensors are spaced
at 1 cm intervals in the following locations: rec-
tal balloon (1), rectum (1), anus (5), and exter-
nal to anal verge (1). The pressures recorded are
averaged to provide a mean sphincter pressure
and analyzed by the InSight system (Sandhill
Scientific) [25].

Medical Measurement Systems uses a 12G
catheter probe that incorporates eight directional
sensors along its axis. Six of these eight sensors
are equidistant from each other and span 5 cm.
The proximal sensor is located within the rectal
balloon and is spaced 2.5 cm proximal to the other
sensors. The most distal sensor is 2 cm below the
most distal anal sensor and is used as an external
reference. This catheter requires submersion in
water for about 3 minutes to pre-wet the sensors
and then zeroed to atmospheric pressure. Data

is analyzed using the Solar GI HRM software
(MMS, Enschede, the Netherlands) [25].

Given Imaging’s HD-ARM (Yokne’am
Illit, Israel) catheter is 6.4 cm in length with an
outer diameter of 10.75 mm. The sensing seg-
ment is composed of 256 sensing elements that
are arranged in 16 rows which are circumferen-
tially oriented. The spacing between the sensors
is 3 mm axially and 2 mm radially. Unique to
this probe is that it displays pressures recorded
by individual sensors around the circumference.
Manometry and topographic images are dis-
played using the Motility Acquisition AR System
(Given Imaging). The probe is calibrated imme-
diately before the procedure by placing it in a
calibration chamber, where