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Disorders of the Pelvic Floor and Anorectum

Preface

Satish S.C. Rao, MD, PhD, FRCP(Lon)
Guest Editor

This issue of Gastroenterology Clinics of North America focuses on the broad spectrum
of problems that involve the pelvic floor and anorectum. These disorders affect at least
one third of patients presenting to a physician and include a diverse range of problems.
Until recently, these problems have been largely dealt with in isolation by specialists
from multiple disciplines. This lack of multidisciplinary approach, together with
a lack of understanding of the evolving science in each of these eclectic fields, has sti-
fled progress. Only through a comprehensive and interdisciplinary approach can one
provide optimal care for these patients. To achieve this purpose, it is important to
have not only an in-depth understanding of a specialized field, such as coloproctology
or urogynecology, but also sound knowledge of disciplines within the vicinity of each
field. Although we pride ourselves as superspecialists equipped with unique skills, it is
only through the coming together of specialists who deal with complex urologic, proc-
tologic, radiologic, and gynecologic issues that affect the pelvic floor that we can suc-
ceed in helping these patients.

My objective here is to provide balanced reviews and a state-of-the-art and in-depth
scholarly treatise of the current concepts on the pathophysiology of symptoms, inno-
vative diagnostic tools, and evidence-based management strategies for pelvic floor
problems. Toward this goal, international experts who are both clinicians and acade-
micians and practice in a diverse range of specialties were invited to contribute to
this issue. The issue begins with a superb rendition on the novel concepts of applied
anatomy and physiology of the pelvic floor, followed by excellent articles on the senso-
rimotor and neurophysiologic function and assessment of anorectal, gynecologic, and
urologic disorders. There is a lucidly illustrated article on the current radiologic tech-
niques for diagnosis of pelvic floor disorders. Concepts such as dyssynergic defeca-
tion and its treatment with biofeedback therapy are new, as are evidence-based
approaches for the medical, behavioral, and surgical management of fecal inconti-
nence and the use of new stapling procedures. Nearly one third of patients in nursing
homes have urinary and fecal incontinence and one article is devoted to the practical
approach of these patients. The management of anal fissures with topical therapy or
hemorrhoids with endoscopic banding signals a significant paradigm shift in the man-
agement of these problems. Chronic anorectal and pelvic pain is a vexing problem, and
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likewise rectocele, solitary rectal ulcer syndrome, and ileal pouch dysfunction and
pouchitis pose major therapeutic challenges. Detailed articles on these poorly under-
stood topics by leading experts fill a gap in our knowledge of these problems. Pediatric
disorders that include constipation, urinary and fecal soiling, and retention have seen
major advances during the last decade, and these topics have been elegantly
discussed.

Overall, this comprehensive issue provides significant new knowledge to the prac-
ticing and academic physician and to trainees thirsting for in-depth information in a mul-
titude of disciplines that include gastroenterology, general surgery, coloproctology,
urology, urogynecology, radiology, physical and behavioral therapy, and pain. | was
overwhelmed by the enthusiasm with which my colleagues approached this particular
issue and for the support | received from them when editing it, for which | am grateful. |
believe this issue represents a significant departure from the conventional model of sin-
gle-specialty reviews and opens the door for a broad and healthy exchange of dialogue
across disciplines. If this kind of integrated approach can be translated into the practice
of managing these patients, |, as editor, and my distinguished coauthors will have suc-
ceeded in our mission. As always, | am indebted to my lovely wife Sheila and my chil-
dren Priyanka, Anita, and Nikilesh, who through their love and compassion have made
all of this worthwhile.

Satish S.C. Rao, MD, PhD, FRCP(Lon)
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Department of Internal Medicine

University of lowa Carver College of Medicine
4612 JCP, 200 Hawkins Drive

University of lowa Hospitals
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Pelvic Floor Anatomy
and Applied Physiology
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Pelvic floor muscles have two major functions: they provide support or act as a floor
for the abdominal viscera including the rectum; and they provide constrictor or conti-
nence mechanism to the urethral, anal, and vaginal orifices (in females). This article
discusses the relevance of pelvic floor to the anal opening and closure function,
and discusses new findings with regards to the role of these muscles in the vaginal
closure mechanisms.

The bony pelvis is composed of sacrum, ileum, ischium, and pubis. It is divided into
the false (greater) and true (lesser) pelvis by the pelvic brim. The sacral promontory, the
anterior ala of the sacrum, the arcuate line of the ilium, the pectineal line of the pubis,
and the pubic crest that culminates in the symphysis pubis, mark the pelvic brim. The
shape of the female bony pelvis can be classified into four broad categories: (1) gyne-
coid, (2) anthropoid, (3) android, and (4) platypelloid. The pelvic diaphragm is a wide
but thin muscular layer of tissue that forms the inferior border of the abdominopelvic
cavity. Composed of a broad, funnel-shaped sling of fascia and muscle, it extends
from the symphysis pubis to the coccyx and from one lateral sidewall to the other.
The urogenital diaphragm, also called the “triangular ligament,” is a strong, muscular
membrane that occupies the area between the symphysis pubis and ischial tuberos-
ities and stretches across the triangular anterior portion of the pelvic outlet. The pelvic
ligaments are not classic ligaments but are thickenings of retroperitoneal fascia and
consist primarily of blood and lymphatic vessels, nerves, and fatty connective tissue.
Anatomists call the retroperitoneal fascia “subserous fascia,” whereas surgeons refer
to this fascial layer as “endopelvic fascia.” The connective tissue is denser immedi-
ately adjacent to the lateral walls of the cervix and the vagina. The broad ligaments
are a thin, mesenteric-like double reflection of peritoneum stretching from the lateral
pelvic sidewalls to the uterus. The cardinal, or Mackenrodt’s, ligaments extend from
the lateral aspects of the upper part of the cervix and the vagina to the pelvic wall.
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The uterosacral ligaments extend from the upper portion of the cervix posteriorly to the
third sacral vertebra.

The pelvic floor is comprised of a number of muscles and they are organized into
superficial and deep muscle layers. There is significant controversy with regards to
the nomenclature, but generally speaking the superficial muscle layer and the muscles
relevant to the anal canal function are the external anal sphincter (EAS), perineal body,
and possibly the puboperineal (or transverse perinei) muscles (Fig. 1). The deep pelvic
floor muscles consist of pubococcygeus, ileococcygeus, coccygeus, and puborecta-
lis muscles. Puborectalis muscle is located in between the superficial and deep mus-
cle layers, and it is better to view this as the middle muscle layer of the pelvic floor. In
addition to the skeletal muscles of the pelvic floor, caudal extension of the circular and
longitudinal smooth muscles from the rectum into the anal canal constitutes the inter-
nal anal sphincter (IAS) and EAS of the anal canal, respectively. Discussed are the sa-
lient and the controversial aspects of anatomy of the pelvic floor and anal sphincter
muscles, followed by a discussion of the function of each component of the pelvic
floor muscles and their role in anal sphincter closure and opening.

Caccygeus

< llio coccygeus

Sphincter ani externus

~NTendinous aponeurosis
profundus (Deep)

of pubococcygeus
Raphe formed by iliococcygei

Puborectalis

Sphincter ani Sphincter ani
externus externus
superficialis subcutaneous

Transversus perinei

hincter ani externus
o superficialis

profundus (Deep)

Pubococcygeus Obturator internus

llio-coceygeus
Sphincter ani externus
subcutaneous

llie-coccygeus

Gluteus maximus

Sphincter ani
externus
superficialis.

Fig.1. (A) Pelvic floor muscles seen in the sagittal section of pelvis. (B) Pelvic floor muscles as
seen from the perineal surface. (Adapted from Thompson P. The myology of the pelvic floor.
Newton (MA): McCorquoddale; 1899; with permission.)
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ANATOMIC CONSIDERATIONS
Internal Anal Sphincter

Circular muscle layer of the rectum expands caudally into the anal canal and becomes
the IAS. The circular muscles in the sphincteric region are thicker than those of the rec-
tal circular smooth muscle with discrete septa in between the muscle bundles. Simi-
larly, the longitudinal muscles of the rectum extend into the anal canal and end up as
thin septa that penetrate into the puborectalis and EAS muscles. Longitudinal muscle
of the anal canal is also referred to as the “conjoined tendon” (muscle) because some
authors believe that skeletal muscles of the pelvic floor (puboanalis) join the smooth
muscles of the rectum to form a conjoint tendon. Immunostaining for the smooth
and skeletal muscles in this region shows, however, that the smooth muscles make
up the entire longitudinal muscle layer of the anal canal.’:?

The autonomic nerves, sympathetic (spinal nerves) and parasympathetic (pelvic
nerves), supply the IAS.® Sympathetic fibers originate from the lower thoracic ganglia
to form the superior hypogastric plexus. Parasympathetic fibers originate from the
2nd, 3rd, and 4th sacral nerves to form the inferior hypogastric plexus, which in turn
gives rise to superior, middle, and inferior rectal nerves that ultimately supply the rec-
tum and anal canal. These nerves synapse with the myenteric plexus of the rectum
and anal canal. Most of the tone of the IAS is myogenic (ie, caused by unique proper-
ties of the smooth muscle itself). Angiotensin 2 and prostaglandin F,, play modulatory
roles. Sympathetic nerves mediate IAS contraction through the stimulation of « and
relaxation through B¢, B2, and B3 adrenergic receptors. Recent studies show a predom-
inance of low affinity B3 receptors in the IAS. Stimulation of parasympathetic or pelvic
nerves causes IAS relaxation through nitric oxide—containing neurons located in the
myenteric plexus.* Vasointestinal intestinal peptide and carbon monoxide are other
potential inhibitory neurotransmitters of the inhibitory motor neurons but most likely
play limited roles. There are also excitatory motor neurons in the myenteric plexus
of IAS and the effects of these neurons are mediated through acetylcholine and
substance P. Some investigators believe that the excitatory and inhibitory effects of
myenteric neurons on the smooth muscles of IAS are mediated through the Interstitial
cells of Cajal (ICC), but other investigators do not necessarily confirm these findings.*
Degeneration of myenteric neurons resulting in impaired IAS relaxation is the hallmark
of Hirschsprung’s disease.®

External Anal Sphincter

In his original description of 1769, Santorini® stated that EAS has three separate mus-
cle bundles: (1) subcutaneous, (2) superficial, and (3) deep. Large numbers of publica-
tions continue to show EAS to be made up of these three components. Several
investigators have found, however, that the subcutaneous and superficial muscle bun-
dles only constitute the EAS.”~"° The subcutaneous portion of the EAS is located cau-
dal to the IAS and the superficial portion surrounds the distal part of IAS. The deep
portion of the EAS is either very small and merges imperceptibly with the puborectalis
muscle, or in the authors’ opinion has been confused with the puborectalis muscle. In
several schematics published in the literature,’! including the one by Netter (Fig. 2),
the EAS is made of three components. A close inspection of these schematics reveals
that the puborectalis muscle is entirely missing from these drawings. Based on three-
dimensional ultrasound (US) and MR, the authors believe that the puborectalis muscle
is actually the deepest part of the EAS. Shafik® described that the EAS consists of
three loops; the puborectalis muscle forms the top loop in his drawing (Fig. 3). Histo-
logic studies by Fritsch and coworkers' and the MRI imaging study of Stoker and
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Fig. 2. Thisschematic shows that the external anal sphincter is made up of a subcutaneous, su-
perficial, and deep part. It is believed that deep external anal sphincter is actually the pubor-
ectalis muscle. (Reprinted from Netter Anatomy lllustration Collection, © Elsevier Inc. All Rights
Reserved. The image has been cropped from its original format to show relevant portion.)

colleagues’? (Fig. 4) are quite convincing that the EAS muscle is composed of only the
subcutaneous and superficial portions. Anteriorly, the EAS is attached to the perineal
body and transverse perinei muscle, and posteriorly to the anococcygeal raphae. EAS,
however, is not a circular muscle in its entirety; rather, it is attached to the transverse
perinei (also called “puboperineal”) muscle on either side.® The posterior wall of the
EAS is shorter in its craniocaudal extent than the anterior wall. This should not be mis-
construed as a muscle defect in the axial US and MRls of the lower anal canal. Another
implication of this peculiar anatomy is when the anal canal pressure is measured using
circumferential side holes; the posterior side holes exit first from the anal canal,'®
thereby causing apparent circumferential asymmetry of the anal canal pressures.
The muscle fibers of EAS are composed of fast and slow twitch types, which allow
it to maintain sustained tonic contraction at rest and also to contract rapidly with vol-
untary squeeze. Motor neurons in Onuf’s nucleus (located in the sacral spinal cord) in-
nervate EAS muscle through the inferior rectal branches of the right and left pudendal
nerves.!

Fig. 3. A sketch of the external anal sphincter from a lateral view, as described by Shafik.
External anal sphincter is described as made of three loops: basal loop (BL), intermediate
loop (IL), and deep loop (DP). Note the relationship between the puborectalis muscle (PR)
and DP. It is believed that DP is actually the posterior part of the puborectalis muscle. LA,
levator ani; LP, levator plate; DP, deep portion; SP, superficial portion; SC, subcutaneous por-
tion; cx, coccyx; UD, urogenital diaphragm. (Adapted from Bogduk N. Issues in anatomy: the
external anal sphincter revisited. Aust N Z J Surg 1996;66:626-9; with permission.)
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Fig. 4. Anatomy based on MRI. (A) Coronal mid anal T2-weighted fast-spin-echo (2500/100)
MRI obtained with an endoanal coil. (B) Corresponding drawing demonstrates the internal
sphincter (IS), intersphincteric space (ISS), longitudinal muscle (LM), external sphincter (ES),
puborectalis muscle (PR), and levator ani muscle (LA). These MRIs show that a part of the
external anal sphincter is located below and a small portion surrounds the internal anal
sphincter. Puborectalis muscle surrounds the upper part of the internal anal sphincter. Based
on MRI it is quite clear that external anal sphincter consists of only two parts: subcutaneous
(below the internal anal sphincter) and superficial (around the internal anal sphincter).
(Adapted from Stoker J, Halligan S, Bartram Cl. Pelvic floor imaging. Radiology 2001;
218:621-41; with permission.)

PUBORECTALIS AND DEEP PELVIC FLOOR MUSCLES

In 1555, Vesalius'* wrote an account of the pelvic floor muscles, which he named
“musculus sedem attollens.” This was later replaced by the more definitive name of
“levator ani” by Von Behr and coworkers.'® The pelvic diaphragm, first so named in
1861 by Meyer,'® included primitive flexors and abductors of the caudal part of the
vertebral column. These muscles included coccygeus (also referred to as “ischiococ-
cygeus”), ileococcygeus, and pubococcygeus and these three muscles were believed
to constitute the levator ani muscle. They originate from the pectinate line of the pubic
bone and the fascia of the obturator internus muscle and are inserted into the coccyx.
Holl,’” a German anatomist, in 1897 described that some of the pubococcygeus mus-
cle fibers, instead of inserting into the coccyx, looped around the rectum and to these
fibers he assigned the name “puborectalis” or “sphincter recti.” It seems that the pu-
borectalis muscle originates from the middle of inferior pubic rami rather than from the
pubic symphysis. The puborectalis muscle is now included in the levator ani muscle
group and the term “levator ani” is used synonymously with pelvic diaphragm mus-
cles. Thompson'® in a classic text on this subject, quoted Sappey,'® writing that
“the levator ani is one of those muscle which has been studied the most, and at the
same time one about which we know the least.” Sappey also stated that the “The doc-
trine of continuity of fibers between two or more muscles of independent actions has
been applied to the levator ani at various scientific epochs, and this ancient error,
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renewed without ceasing, has singularly contributed to complicate its study.” It is in-
teresting that to this date the nomenclature, anatomy, neural innervation, and func-
tions of the levator ani and pelvic diaphragm are still veiled in deep mystery. Based
on anatomic dissection studies, the pubococcygeus, puborectalis, and puboperineal
muscles originate from the pubic bone and are difficult to differentiate from each other.
These muscles have also been collectively called the “pubovisceralis muscle,” a con-
cept originally championed by Lawson?® and currently supported by Delancey?'-22 in
most of his writings. The term pubovisceral muscle is well accepted in the urogyneco-
logic texts; however, it is rarely mentioned in the anatomic textbooks or gastroenter-
ology literature. Lawson2° believed that the portions of the pubovisceral muscle are
inserted into the urethra, vagina, perineal body, and anal canal and to those portions
he assigned the names pubouretheralis, pubovaginalis, puboperinealis, and puboana-
lis muscles, respectively. According to Lawson, the major function of these muscles is
to provide physical support to the visceral organs.

Branches from the sacral nerve roots of S2, S3, and S4 innervate the pelvic floor
muscles. There is considerable controversy, however, as to whether the pudendal
nerves actually innervate the levator ani muscles. An electrophysiologic study by
Percy and colleagues?® found the electrical stimulation of the pudendal nerve did
not activate the puborectalis muscle. It is possible, however, that in their study
the electrodes may not have been precisely located in the puborectalis portion of
the levator ani muscle. The authors’ opinion is that the puborectalis muscle (middle
layer of pelvic floor muscle) is actually innervated by the pudendal nerve® (from be-
low) and the deep muscles (pubococcygeus, ileococcygeus, and coccygeus) are in-
nervated by the direct branches of sacral nerve roots S3 and S4.2 The significance
is that pudendal nerve damage may cause dysfunction of puborectalis muscle and
EAS muscles (both constrictor muscles) and this in turn may cause fecal
incontinence.

PELVIC FLOOR IMAGING

Advances in MRI, CT scanning, and three-dimensional US imaging have provided
novel insights into the anatomy and function of the pelvic floor muscles. Ultrafast
CT scanning can image dynamic changes in the pelvic floor muscle during contraction
and defecation.?® These studies reveal that the levator hiatus becomes smaller during
pelvic floor contraction and larger during the act of defecation (Fig. 5). The changes in
the pelvic floor hiatus size are predominantly related to the puborectalis muscle and

Fig.5. Seated CT defecography. Axial images of puborectalis at rest (A), squeeze (B), and def-
ecation (C). Note that the pelvic floor hiatus becomes smaller during squeeze and larger dur-
ing defection. (Adapted from Li D, Guo M. Morphology of the levator ani muscle. Dis Colon
Rectum 2007;50:1831-9; with permission.)
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they reflect the constrictor function of pelvic floor. The ascent (elevation) and descent
of the pelvic floor, however, including the levator plate, is mostly likely related to the
contraction and relaxation of the pubococcygeus, ileococcygeus, and ischiococcy-
geus muscles.

MRI studies have outlined the anatomy of pelvic floor muscles much more clearly
than was possible with anatomic dissection studies. Hoyle and colleagues®® devel-
oped imaging programs to outline the details of pelvic floor muscle. Their studies re-
veal physiologic gaps in the ileococcygeus muscle, which one may perceive as
defects in the pelvic floor muscles. Elegant studies by Bharucha and colleagues,?”~2°
using dynamic MRI technique, have demonstrated changes in the anorectal angle dur-
ing squeeze and during the act of defecation. Changes in the anorectal angle reflect
the constrictor function of pelvic diaphragm muscle, and it is believed that these
changes in the anorectal angle are caused by the contraction and relaxation of the pu-
borectalis muscle (Figs. 6 and 7). It is likely, however, that craniocaudal movements of
the anorectal angle are predominantly related to the pubococcygeus, ileococcygeus,
and ischiococcygeus muscles. During pelvic floor contraction, the anorectal angle be-
comes acute and it moves cephalad. During relaxation and defecation, however, the
anorectal angle becomes obtuse and moves caudad.

Two-dimensional and three-dimensional endoanal US are used widely to detect de-
fects in the anal sphincter complex. More recently, three-dimensional US using cuta-
neous (transperineal) approach provided novel insights into the anatomy and function
of the anal sphincter muscles and pelvic floor muscles. The major advantages of three-
dimensional transperineal US are that (1) it is subject friendly (no insertion of the trans-
ducer into the anal canal is required); (2) it can be performed in the physician’s office;
and (3) it is relatively inexpensive. Dietz and coworkers3°—32 have used this technique
quite effectively to study the physiology and pathophysiology of pelvic floor muscles
under various conditions. This technique is relatively simple; it requires placement of

Fig.6. MRIs at rest and squeeze in the mid sagittal plane. These images show movements of
the anorectal angle and levator plate (formed by the ileococcygeus muscle). Sagittal at rest
(A) and straining (B) showing the changes in the different components of the levator ani.
On straining, the resting convex shape of the IC becomes flattened, and the genital hiatus
reduces in size because of ventral movement of the puborectalis. bl, bladder; ut, uterus; IC,
ileococcygeus; PR, puborectalis. (Adapted from Singh K, Jakab M, Reid WM, et al. Three-di-
mensional magnetic resonance imaging assessment of levator ani morphologic features in
different grades of prolapse. Am J Obstet Gynecol 2003;188:910-5; with permission.)
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Fig.7. Magnetic resonance images (MRI) in the mid sagittal and coronal planes; these images
were obtained at rest (solid) and squeeze (dotted) and then the images were overlapped to
show the movement of various anatomical structures during squeeze. Note the cranial and
ventral movements of the anal canal and change in the anorectal angle with squeeze. In the
coronal images, note the vertical movement of the anus, and flattening of the levator plate
with squeeze. Obtained from author.

the US transducer on the skin of the perineum. A three-dimensional US volume is ac-
quired over a period of 6 to 8 seconds and US images can be analyzed off-line in the
coronal, sagittal, transverse, or any other plane. This technique also allows capturing
of dynamic or cine images in two or three planes and makes it possible to study the
motion of various pelvic floor structures in real time. In addition, the software program
can slice these image volumes at every 1 mm or any desired distance to provide the
two-dimensional tomographic images at close distances (Fig. 8). The authors have ex-
tended the use of three-dimensional US imaging to study the anal canal closure mech-
anism,*® vaginal high-pressure zone,?* and the role of puborectalis muscle in the
genesis of anal canal and vaginal canal pressures. Defects in the anal sphincter and
puborectalis muscles can be detected relatively easily using the three-dimensional
US imaging technique.3®

SENSORY FUNCTION OF THE RECTUM AND ANAL CANAL

Similar to other viscera, colonic distention results in nondescript discomfort and at
higher degrees of distention one feels pain that is poorly localized. Rectal distention,
however, is perceived as rectal fullness that is more localized and somewhat defined
(ie, as a desire to defecate). In addition to mucosal nerve endings, there are also low
threshold, slowly adapting mechanoreceptors in the muscularis propria of the rectum.
These intraganglionic laminar endings detect mechanical deformation of the myenteric
ganglia and are most likely involved in detecting tension in the circular and longitudinal
muscles of the rectum. The anal canal responds to distention and mechanical shearing
stimuli. It is lined by numerous free and organized nerve endings (ie, Meissner’s cor-
puscles, Krause’s end-bulbs, Golgi-Mazzoni bodies, and genital corpuscles). The
nerve ending are exquisitely sensitive to light touch, pain, and temperature. Sensory
traffic from the rectum and anal canal is conveyed to the spinal cord by unmyelinated
small C fibers and larger A fibers."
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Fig. 8. Ultrasound images of the anal canal obtained from the 3D-US volume: cross-sectional
(axial) images along the length of anal canal in a nulliparous subject. In this example the
anal sphincter complex is shown at every 1 mm distance using I-Slice function of HD-11 (Phi-
lips). Marked in the figure are the IAS (black circle) and the EAS (white outer ring) are
smooth, uniform and symmetrical. Obtained from author.

APPLIED PHYSIOLOGY

Ideally speaking, one should describe the function of each component of the pelvic
floor muscle individually; however, no such information is available. Broadly, the pelvic
floor muscles can be considered to have two important functions. They provide sup-
port or “floor” to the pelvic viscera; and they provide constrictor functions to the ure-
thra, vagina, and anal canal. Described next is the role of the pelvic floor muscles on
the rectum and anal canal, touching on their role in the closure function of the vagina.
Furthermore, it is quite likely that the puborectalis muscle plays an important role in the
urethral closure mechanism; however, more studies are needed in this area. In ca-
davers, the pelvic floor is shaped like a basin but in living individuals it is shaped
like a dome.3®:37 Why is that the case? Muscles in general have relatively simple func-
tion; they shorten as they contract. Generally, the insertion point of the muscle moves
toward the point of the origin (sphincter muscles being an exception). In the case of
pubococcygeus, ileococcygeus, and ischiococcygeus, such an action results in the
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movement of coccyx anteriorly (ventrally) toward the pubic bone.®® During pelvic floor
contraction the coccyx moves ventrally and cranially. The change in the shape of the
pelvic floor during contraction, from a basin to dome, is caused by the shortening of
the pubococcygeus, ileococcygeus, and ischiococcygeus muscles. At the same
time, conversion from basin to the dome lifts the pelvic viscera (including the rectum)
in the cranial direction and provides mechanical support or floor to the rectum and
other pelvic floor viscera. It is likely that the weakness of these muscles results in per-
ineal descent. Decent of the pelvic visceral organs (including rectum) can be mea-
sured in radiologic studies (MRI or barium defecography) by determining the
location of the anorectal angle in relationship with the pubococcygeus line.3%4° The
latter is an imaginary line connecting the lower edge of pubic symphysis and the tip
of coccyx. In normal individuals, the anorectal angle is located either cranial or very
close to the pubococcygeal line and it moves below the pubococcygeal line with
the descending perineal syndrome or weakness of the pelvic floor muscle. There is
general consensus that the IAS and EAS are the major constrictors of anal canal.
The puborectalis muscle is generally believed to be important in maintenance of the
anorectal angle.?”*! Contraction of puborectalis muscle results in an acute anorectal
angle and relaxation (during defecation) causes this angle to become obtuse. The ano-
rectal angle can be measured with barium defecography*? or MRI.2” As described in
the following paragraphs, however, recent studies show that the puborectalis muscle
is actually involved in the anal canal closure mechanism (ie, in the genesis of anal canal
pressure).3343

ANAL CANAL PRESSURE

Anal canal pressure is a major determinant of the strength of anal continence mech-
anism and its brief discussion is extremely relevant. Anal canal pressure can be mea-
sured with perfusion manometry (using either side hole or sleeve sensor); solid-state
transducers; or more recently with a large number of closely spaced array of pressure
sensors (high-resolution manometry).2°® Furthermore, the pressures can be displayed
in the form of colored topographic (contour) plots, which are convenient to visualize.
Classical studies by Duthie and Watts** have shown that most of the resting pressure
(70%-80%) in the anal canal is related to the IAS and the remainder to the EAS. With
voluntary anal squeeze, the increase in the anal canal pressure is mostly caused by the
EAS. Anatomic and functional studies, using simultaneous three-dimensional US im-
aging and side hole perfusion manometry, have provided novel insights into the gen-
esis of anal canal pressure.*® Based on the three-dimensional US images one can
determine the precise length and the anatomic relationship of the IAS, EAS, and pu-
borectalis muscle and then locate the anal canal pressures in relationship with these
anatomic structures. These studies reveal that in the proximal part of the anal canal
the closure pressures are related to the contraction of IAS and puborectalis muscle,
in the middle to the contraction of the EAS, and in the distal part to the contraction
of only the EAS (Figs. 9 and 10).

VAGINAL HIGH-PRESSURE ZONE

How does puborectalis, a U-shaped muscle, increase the anal canal pressure? The
two anterior limbs of puborectalis muscle are attached to the two pubic rami and pos-
teriorly they join each other behind the anal canal. Contraction of the puborectalis
muscle lifts up the anal canal in the ventral or anterior direction and in so doing causes
compression of the anal canal, vagina, and urethra against the back of pubic symphy-
sis (Fig. 11). It then follows that there would be a high-pressure zone in the vagina,
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Fig. 9. Anal canal pressures along the length of the canal and its relationship with anatom-
ical structures: Anal canal pressure was measured using the station pull through technique.
Each bar represents mean+SE from the 17 subjects. Note the baseline pressure and the
squeeze pressures at each station. The pressures during squeeze at all stations are signifi-
cantly higher than at rest (p < 0.005). Also note, the location of Internal anal sphincter
(IAS), puborectalis (PRM) and external anal sphincter (EAS) along the length of the anal
canal. Obtained from author.
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Fig. 10. Ultrasound images of the anal canal in the sagittal and axial planes with a water
filled bag placed in the anal canal: the sagittal image shows the anal canal along its entire
length. Axial images at various locations along the length of anal canal allow visualization
of various components of the anal closure mechanism. Axial images at R=rectum, 1=Pubor-

ectalis (PRM) & Internal sphincter (IAS), 2 = PRM, IAS, and external anal sphincter (EAS),
3 = IAS & EAS, 4 = EAS only. Obtained from author.
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SQUEEZE

Fig.11. Pelvic Floor Hiatus Captured from the 3D ultrasound images at rest and during a pel-
vic floor contraction: Note that with contraction the hiatus becomes smaller and the pubor-
ectalis muscle moves towards the pubic symphsis. The anterior motion of the puborectalis
muscle compresses, anal canal, vagina and urethra against the back of pubic symphsis, which
constitutes the constrictor function of pelvic diaphragm. Obtained from author.

which is indeed true.*® Pressure characteristics of the vaginal high-pressure zone re-
veal that the anterior and posterior pressure in the vagina are higher than the lateral
pressure, which suggests that vagina is compressed in the anteroposterior direction
by the puborectalis muscle. Three-dimensional US images show that the pelvic floor
hiatus becomes smaller and larger with the contraction and relaxation of the puborec-
talis muscle, respectively.?44® Pudendal nerve block increases dimensions of the pel-
vic floor hiatus and decreases vaginal pressure.?* Distention of the vagina increases
the anteroposterior length of the puborectalis muscle and allows it to contract stronger
(based on the length tension principle). Anal canal pressure in the proximal part of the
anal canal (part surrounded by the puborectalis muscle) and not the distal part (sur-
rounded by the EAS) increases with vaginal distention.*”

Because the vagina does not possess any intrinsic sphincter mechanism, the vag-
inal high-pressure zone is entirely related to the puborectalis muscle. The significance
of the latter finding is that one can easily assess the puborectalis muscle function us-
ing vaginal manometry. It is likely that future studies will use this important under-
standing further to define the role of puborectalis muscle in fecal continence,
incontinence, and other pelvic floor disorders.

Pelvic Floor Muscles and Fecal Incontinence

The etiology of fecal incontinence is multifactorial and can be broadly divided into
problems related to (1) diarrhea or excessive amount of liquid stools, (2) reservoir or
rectal dysfunction, and (3) anal canal closure dysfunction. It is quite clear that the three
separate and distinct anatomic structures (IAS, EAS, and puborectalis muscle) guard
the anal canal opening (triple security). Does this represent redundancy or is it rather
that a fine orchestration of these three structures is crucial in keeping continence un-
der different circumstances and for different rectal contents (air, liquid, and solids)?
Further studies are needed to prove or disprove these points. Read and colleagues*®
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in the 1980s, based on anal canal pressure studies, found that the dysfunction of EAS
is the most common cause of fecal incontinence. A small subset of patients was also
found to have a defective IAS.*° Endoanal US imaging studies of Sultan and col-
leagues®® found anatomic defects in the EAS muscle of 35% of women following vag-
inal delivery. The latter also suggests that anatomic defects of the EAS are one of the
most common causes of fecal incontinence. More recent studies suggest, however,
a “multihit hypothesis” in the genesis of fecal incontinence. Fernandez-Fraga and co-
workers®! used a novel instrument (perineal dynamometer) to study the pelvic floor
function in patients with fecal incontinence. They found that patients have functional
defectin more than one muscle of anal continence and the severity of fecal incontinence
was related to the composite effect of damage to the three continence muscles. Bio-
feedback therapy resulted in improvement of fecal incontinence symptoms and the im-
provement correlated best with the improvement in levator ani function, rather than with
the improvement in the IAS, EAS pressure. A study by Bharucha and colleagues®®
confirmed findings of Fernandez-Fraga and coworkers®' and their study lends further
credence to the “multihit hypothesis” of fecal incontinence.

Studies by Delancey and coworkers®® and Dietz and Lanzarone®® show that ana-
tomic disruptions of the puborectalis muscle are quite common following childbirth
(20%-35%). It is clear, however, that all these subjects do not have symptoms of fecal
incontinence. The authors’ studies in asymptomatic multiparous women confirm find-
ings of Jung and colleagues.3® Further studies are required to determine the relation-
ship between anatomic disruptions as seen on the imaging studies and functional
impairment of puborectalis muscle function. It is clear, however, that patients with fe-
cal incontinence have defects in more than one muscle of continence and the symp-
toms are more severe in patients with defects in the multiple muscles.

Pelvic Floor Muscles and Constipation

Constipation affects 20% to 30% of the adult population in the United States®* and its
etiology, similar to that of fecal incontinence, is multifactorial. Broadly, there are two
major types of constipation: slow transit type, in which the movement of fecal material
through the colon is slow; and outlet obstruction type, in which the patient has trouble
evacuating rectal contents. Hirschsprung’s disease, characterized by failure of caudal
migration of myenteric plexus, may be considered as a cause of outlet obstruction
type of constipation. Hirschsprung’s disease is uncommon, however, in adults. Outlet
obstruction, secondary to pelvic floor dysfunction, accounts for 50% or more cases of
constipation in adults.5® Originally described by Preston and Lennard-Jones®® in 1985
as anismus, the entity has received several names (ie, pelvic floor dyssynergia, para-
doxical puborectalis muscle contraction, paradoxical sphincter contraction, and dys-
synergic defecation).®® Normally, during the act of defecation or Valsalva maneuver
the respiratory diaphragm and abdominal wall contract together, which results in an
increase in intra-abdominal and rectal pressure. Simultaneously, there is relaxation
of the pelvic floor muscles and anal sphincter muscles during defecation. Based on
the rectal and anal sphincter pressure recordings, Olsen and Rao®® categorized dys-
synergic defecation disorders into three different types: type 1, increase in the rectal
pressure and anal sphincter contraction; type 2, no increase in the rectal pressure and
sphincter contraction; and type 3, increase in the rectal pressure but either absent or
incomplete sphincter relaxation. Dyssynergic defecation is usually acquired but in
some cases the symptoms are present from childhood, which suggests that the indi-
vidual never “learned the defecation process” correctly.

Paradoxical pelvic floor contraction can be recognized on the anal sphincter
recording; electromyographic recordings (using anal plug electrodes or cutaneous
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electrodes); and imaging studies. The latter can be performed using radiograph fluo-
roscopy (barium defecography); CT fluoroscopy; and MRI. During the act of defeca-
tion two events occur in the pelvic floor muscles: pelvic floor descends and pelvic
floor hiatus becomes larger. The descent of pelvic floor muscles is seen as a drop
in the anorectal angle to below the pubococcygeal line (an imaginary line connecting
the lower end of pubic symphysis and coccyx) and widening of the pelvic floor hiatus
(also seen as increase in the anorectal angle). With pelvic floor contraction, the ano-
rectal angle moves cranially and ventrally. The reverse occurs during defecation. In
patients with constipation, MRI defecography studies show heterogeneity of abnor-
malities of the abdominal wall contraction, pelvic floor descent, and puborectalis mus-
cle relaxation.*® The most important finding in these studies is that the puborectalis
muscle either does not relax or it does so incompletely. The latter results in either
no change or in a slight decrease in the anorectal angle. The advantage of MRI defe-
cography is that it allows clear visualization of the pelvic viscera and various other an-
atomic abnormalities associated with pelvic floor disorders (eg, rectocele, cystocele,
rectal intussusception, and prolapse). Recent studies show that biofeedback treat-
ment for constipation is quite effective in treating constipation related to the pelvic
floor muscle dysfunction and results in amelioration of the physiologic muscle
abnormalities.5*%7

SUMMARY

Pelvic floor muscles have two important functions: they provide physical support to
the pelvic viscera; and they provide constrictor mechanism to the anal canal, vagina,
and urethra. Newer imaging and physiologic studies strongly suggest that these two
functions of the pelvic floor are quite distinct and are likely related to different compo-
nents of the pelvic floor muscles. The pubococcygeus, ileococcygeus, and ischiococ-
cygeus most likely provide the physical support or act as a floor for the pelvic viscera.
The puborectalis muscle provides the constrictor function to the anal canal, vagina,
and urethra.

The urethra and anal canal each have two constrictors or sphincters of their own. In
the case of anal canal these are the IAS and EAS, and in the case of urethra they are
the smooth muscle sphincter (located at the bladder neck) and rhabdosphincter (ex-
ternal urethral sphincter). Based on physiologic studies, it seems that the puborectalis
muscle is the third constrictor or the sphincter of anal canal. Future studies are likely to
reveal that puborectalis muscle also serves as a constrictor for the urethra. Vagina,
however, has only one constrictor mechanism, which is solely provided by the pubor-
ectalis portion or the pelvic floor muscle. The authors believe that puborectalis muscle
is the common link between gastroenterologist, colorectal surgeon, urologist, and ur-
ogynecologist, the specialties of medicine caring for patients with pelvic floor
disorders.

Pelvic floor disorders are many and are generally lumped together. It may be pos-
sible, however, broadly to subclassify them into disorders of pelvic floor support (pro-
lapse, descending perineal syndrome) and constrictor function (urinary and fecal
incontinence). Furthermore, these disorders may be further divided into dysfunctions
of pelvic floor contraction (fecal and urinary incontinence) and relaxation (constipation
and urinary retention). As a clear picture of functional anatomy of pelvic floor muscles
emerges, it is imminent that different components of the pelvic floor muscles will be
implicated in different pelvic floor disorders. With such a functional classification
“splitter approach” it may be possible to target specific therapeutic strategies to treat
specific pelvic floor muscle disorders more effectively.
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The two major functions of the anorectum are preservation of continence and regula-
tion of defecation. Multiple factors are involved in the control of these processes,
involving both physiologic and psychobehavioral mechanisms. Investigation of the
anorectum should be performed in the context of a global pelvic floor evaluation,
aimed at both morphology and anatomy, and function. With advances in diagnostic
technology, it is now accepted that in the field of functional bowel disorders, symp-
tom-based assessment, although important, is unsatisfactory as the sole means of
directing therapy. The symptom repertoire of the gut is limited and relatively nonspe-
cific, such that similar symptom profiles may reside in differing pathoetiologies and
pathophysiologies.” In a field of practice in which normal physiologic function is so
complex, reliance on clinical symptoms alone as a basis for taxonomy is now obso-
lete. A robust taxonomy based on underlying pathophysiology must be paramount.”

A wide number of complementary investigations currently exist for the assessment
of anorectal structure and function (Table 1). Ideally, a comprehensive assessment of
all understood and measurable components that contribute toward continence or
defecation should be performed, although in clinical practice only a limited number
of factors are routinely assessed. Nevertheless, the diagnostic yield undoubtedly
improves the broader the series of tests performed,? and all patients should undergo
as thorough an assessment as is available, performed in a structured and systematic
manner. This article focuses on contemporary tests of motor and sensory function of
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Table 1
Diagnostic tests available

Investigation

Modality Assessed

Clinical Use

Anorectal manometry

(1) Anal sphincter function

Established, limited value

Traditional

(2) Rectoanal reflexes

Established, limited value

(3) Rectal sensation (balloon)

Established

(4) Rectal compliance

Established, limited value

(5) Defecatory maneuvers

Established

(6) Saline continence test Obsolete
High resolution See (1, 2, and 5 above) Research
Vector volume Anal sphincter function, Obsolete
pressure profile
Prolonged ambulatory Anorectal/rectosigmoid motility Research
Perineometer Pelvic floor descent Obsolete
Perineal dynamometer Puborectalis function Research
Barostat studies (1) Rectal sensation Established
(2) Rectal compliance Established
(3) Rectal tone, tension Research
(4) Rectal capacity Research
(5) Rectal motility Research
Impedance planimetry Rectal biomechanical properties Research
Endoanal ultrasound Two-dimensional imaging Established
of the anal sphincters
Three-dimensional imaging Research
of the anal sphincters
Endoanal MRI Imaging of the anal sphincters Research

Neurophysiologic

Nerve conduction

Pudendal nerve terminal motor
latency

Established, limited value

Electromyography

(1) Motor unit action potentials

Established, limited value

(2) Fiber density

Established, limited value

(3) Jitter Research
Evoked potentials (1) Motor Research
(2) Somatosensory Research

Other

Anocutaneous reflex

Established, limited value

Strength-duration test

Research

Anorectal sensation

Electrostimulation

(1) Mucosal electrosensitivity

Established, limited value

Thermal stimulation (2) Mucosal thermosensitivity Research
Rectal evacuation
Balloon expulsion test Rectal evacuatory function Established
Evacuation proctography Rectal evacuatory function Established
Scintigraphic proctography Rectal evacuatory function Obsolete
Dynamic MRI Rectal evacuatory function, Research
proctography pelvic organ movement
Colonic transit studies
Radiopaque markers Global colonic transit Established

Scintigraphy

Segmental colonic transit

Established, limited value




Evaluation of Anorectal Function

the anorectum, and neurophysiologic assessment of the pelvic floor, with an aim to
highlight their presently accepted clinical use.

MANOMETRIC EVALUATION
Anorectal Manometry

This is the most established and widely available investigative tool, and provides
ameans of evaluating various parameters of both anal and rectal function, and rectoa-
nal coordinated activity. It is best performed in a laboratory with the necessary tech-
nical and interpretative expertise.> A manometric evaluation commonly encompasses
a series of measurements designed to test for (1) deficits in anal sphincter function;
(2) presence or absence of rectoanal reflexes; and (3) rectal sensory function and com-
pliance (see the section on sensorimotor evaluation). In addition, a manometric
assessment may also include components designed to assess defecatory function,
namely rectoanal pressure relationships during bearing down and straining maneu-
vers, and expulsion of a rectal balloon.

The selection (and order) of measurements to be performed depends on a number of
issues, including the presenting symptoms and reason for referral.* The principal indi-
cations are fecal incontinence and constipation, and certain components of a mano-
metric investigation may be considered more useful in the former (eg, evaluation of
sphincter function), whereas others may be more valuable in the latter (eg, defecatory
maneuvers); however, these disorders frequently coexist® and there is an increasing
body of literature supporting the concept that fecal (often overflow) incontinence is
frequently secondary to incomplete rectal evacuation or fecal impaction caused by dis-
ordered defecation.®” Consequently, a comprehensive manometric assessment incor-
porating all components should often be performed. Anorectal manometry may also be
useful to (1) facilitate biofeedback training; (2) assess patients before surgery (eg, as
a prognostic indicator of continence prior to pouch construction); (3) allow an objective
assessment of therapeutic efficacy; and (4) assess patients with functional anorectal
pain, particularly if this is suspected to be secondary to pelvic floor dysfunction.*®

Equipment

This consists of four major components: (1) a thin, flexible intraluminal pressure-
sensing catheter; (2) pressure transducers; (3) a balloon for inflation within the rectum
(either integral to the catheter assembly or fixed to an independent catheter); and (4) the
amplification-recording-display system. Currently, a six-sensor catheter (be it either
water-perfused or solid-state) of less than 5 mm diameter, configured to enable record-
ings from both the longitudinal and radial axis is recommended.* A balloon (preferably
nonlatex) of not less than 4 cm should ideally be tied to the end. One pressure sensor,
and a lumen opening to allow for inflation, should be located inside the balloon. The
remaining five sensors should be arranged radially and spaced 1 cm apart.* Various
computerized amplification and recording systems are commercially available, com-
plete with dedicated online display, review, and analysis software. All allow large-
volume data storage, with database functionality. Small, portable recorders are also
available, which enable ambulatory measurements. Calibration of the manometric
system is essential to yield accurate, reliable, and clinically helpful manometric data.
This should be done in accordance with the manufacturer’s recommended guidelines.

Limitations

Recorded pressures depend on the technique used to measure them, and are influ-
enced by a number of factors, including the pressure sensor itself; the recording tech-
nique; catheter diameter; orientation of the recording ports and sensors; perfusion rate
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(for perfused-tube catheters); patient posture; and patient compliance. All of these
factors must be borne in mind when both performing and interpreting these tests.

Unfortunately, the biggest pitfall with anorectal manometry is the lack of uniformity
regarding equipment and technique,® consequently, large'® and robust normative ref-
erence data sets, obtained in age- and gender-matched subjects, are generally lack-
ing from the literature. Although several working party or position papers have been
published,*1"=14 they fail to reach consensus opinion as to the optimal method for
performing a manometric assessment. As a consequence, comparison of results
between centers is problematic. Each individual institution is encouraged to develop
its own control values (preferably gender and age stratified) or, if using normative
data from the literature, adopt similar methodology, such that a particular result
may be compared with the appropriate normal range.* 1114

Patient preparation

Because of the minimal risks associated with manometry, written consent is consid-
ered optional.' The patient should be fully informed about the details of the proce-
dure, however, which enhances subject cooperation and comfort. Bowel
preparation is also optional, and should only be required if fecal loading is detected
on digital rectal examination; either a 500-mL tap water enema or phosphate enema
have been advocated.* Tests should be performed with the patient in the left-lateral
position with knees and hips flexed.*

Anal Sphincter Function

Technique

The objectives of assessment are to (1) identify the functional anal canal length;
(2) record maximum resting anal canal tone, which predominantly reflects internal
anal sphincter (IAS) function; and (3) record voluntary anal squeeze pressures, which
reflects external anal sphincter (EAS) function.

Two methods can be used: station or manual pull-through'® of the catheter, or
stationary.’® The former is recommended,’*'” and the most commonly used tech-
nique. The manometry catheter is advanced into the rectum, and then withdrawn man-
ually by 0.5- or 1-cm increments, or “stations.” For each station, the pressure should
be allowed to stabilize. When the recording sensors pass into the high-pressure zone,
there is an increase in pressure. The maximal resting anal pressures at each station
should be recorded, as should the longitudinal position of the peak resting pressure.
For evaluation of anal squeeze pressures, the procedure should be repeated; once the
pressure has stabilized at each station, the patient is instructed to squeeze their anus
as hard as possible. It is important to limit gluteal muscle involvement. The squeeze
should be sustained for 30 seconds, which gives a measure of fatigability of the
EAS.* The maximal pressure obtained at each station during the squeeze maneuver
and longitudinal position of the peak squeeze pressure are recorded.

Others advocate the use of a stationary technique,*'®'® which is more time-
efficient. Basal anal pressures are measured along the anal canal by averaging record-
ings at each longitudinal recording site over a 1-minute segment at rest. Squeeze
pressures are evaluated by asking the patient to squeeze their anal canal two or three
times, as above.*

Measurements and clinical use

Functional anal canal length This is defined as the length of the anal canal over which
resting pressure exceeds that of the rectum by greater than 5 mm Hg, '8 or alterna-
tively, as the length of the anal canal over which pressures are greater than half of the
maximal pressure at rest.'® The length of the functional anal canal is usually shorter in
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incontinent patients than normal control subjects,?° although the clinical significance
of this measure has recently been questioned.™

Anal resting pressures Maximal resting anal pressure is defined as the difference
between intrarectal pressure and the highest recorded anal sphincter pressure at
rest,%18 and is generally recorded 1 to 2 cm cephalad to the anal verge, which corre-
sponds to the condensation of smooth muscle fibers of the IAS; pressure at the level of
the anal margin can alternatively be used as the zero baseline (Fig. 1).'® Anal resting
tone is subject to pressure oscillations caused by slow waves, of amplitude 5 to
25 mm Hg, occurring at a frequency of 6 to 20 min—",">2" or high-amplitude ultraslow
waves, 30 to 100 mm Hg in magnitude, occurring at 0.5 to 2 min~" (although the latter
are rarely observed in patients with low resting pressures).??

The primary component contributing to anal resting tone is IAS activity (55%-80%, of
which most is nerve-induced, and the remainder is purely myogenic).2® Symptoms of
passive fecal incontinence correlate with low resting anal tone®* and often a reversal
of the anal pressure gradient;® this implies IAS weakness, typically caused by rupture
of the smooth muscle ring, or secondary to IAS degeneration.2® Patients with very low
basal pressures may be fully continent, and conversely those with normal resting tone
may be incontinent.?” Consequently, measurement of resting tone, although of
pathophysiologic significance in patients with incontinence, must be considered in
combination with other functional findings.'*?” Indeed, one large study showed that
maximal anal resting tone had a sensitivity of only 32% for discriminating continent
from incontinent patients;>® this emphasizes the multifactorial nature of
incontinence.?:30

Anal squeeze pressures The measure of a patient’s ability to squeeze their striated anal
musculature can be calculated as the maximal voluntary anal squeeze pressure (the
difference between intrarectal pressure, or the pressure at the level of the anal margin,
and the highest recorded pressure during anal squeeze),* or the maximal voluntary

Fig. 1. Station-pull through manometry of the anal sphincter at rest. A perfused-tube cath-
eter with four radially arranged channels (at 90 degrees) is pulled through the anal sphinc-
ter at 1-cm increments (arrows), using rectal pressure as baseline (dashed lines). Note radial
pressure asymmetry (maximum resting pressure of 55 mm Hg in channel 1, and 88 mm Hg in
channel 3).
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anal squeeze increment (the difference between resting pressure at any given level of
the anal canal, and the highest recorded pressure during anal squeeze);* 6 the latter is
probably a better determinant of anal squeeze function. The duration of the sustained
squeeze can be defined as the time interval at which the subject can maintain squeeze
pressure at greater than or equal to 50% of the maximum squeeze pressure.*

The squeeze increment is essentially contributed by the EAS, and also by contrac-
tion of the puborectalis sling. Low or poorly sustained squeeze pressures implies EAS
weakness. Standard manometry cannot differentiate, however, between compro-
mised muscle integrity or impaired innervation, or both (or indeed a poorly compliant
patient#) as a cause of that weakness.

Symptoms of urge or stress fecal incontinence often correlate with low anal squeeze
pressures,* with the major causative factor being obstetric injury.2%3! In addition,
squeeze duration is reduced®? and fatigue rate is significantly shortened®? in inconti-
nent patients compared with controls. Of all standard measures of anorectal function,
anal squeeze pressure has been shown to have the greatest sensitivity and specificity
for discriminating patients with fecal incontinence from continent patients and
controls;?”?® nevertheless, the correlation between anal canal pressures and inconti-
nence is not perfect,® given the wide range of normal values® and the contribution of
those various other factors crucial to anorectal continence.?®

An exciting recent technologic development is the advent of so-called “high-
resolution manometry,” which uses multiple closely spaced sensors simultaneously
to measure circumferential pressures.3® By interpolating between adjacent sensors,
intraluminal pressure becomes a spatial continuum; recorded data are displayed as
pressure topography plots, rather than overlapping line traces, with pressure magni-
tude indicated by color intensity.®® As is happening in the field of esophageal function
testing, it is feasible that high-resolution manometry may challenge conventional
anorectal manometry, which has been in clinical use for 30 years, as the principal
tool for the evaluation of anal sphincter function. Vector manometry, which was
designed to assess the circumferential symmetry of anal canal pressures and permit
the identification of localized pressure defects, has been superseded by endoanal
ultrasound.®

Rectoanal Reflex Activity

Rapid distention of the rectum, mimicking the sudden arrival of a fecal bolus, induces
a sequence of events:?' (1) a transient increase in rectal pressure, probably caused by
secondary rectal contractions, followed by; (2) a transient increase in anal pressure,
associated with EAS contraction (the rectoanal contractile reflex), followed in turn
by; (3) a more prolonged reduction in anal pressure, associated with relaxation of
the IAS (the rectoanal inhibitory reflex). The rectoanal inhibitory reflex is thought to
allow rectal contents to be sampled by the sensory area of the anal canal, allowing dis-
crimination between flatus and fecal matter (ie, fine-tuning of the continence mecha-
nism). By contrast, the rectoanal contractile reflex is a compensatory guarding
mechanism that allows a positive anal-to-rectal pressure gradient to be maintained
during transient increases in intra-abdominal or intrarectal pressure (eg, coughing),
which is essential for preservation of continence.®

Technique

The rectoanal inhibitory reflex can be simply measured by concomitantly recording
resting anal pressures during inflation of the rectal balloon with air,’ using a rapid
intermittent distention technique (incrementally in 10-mL or 50-mL aliquots). The
threshold volume needed to elicit the reflex and the duration of the response at
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each distention volume should be recorded. The rectoanal contractile reflex can be
measured simultaneously during the same procedure. Alternatively, this can be eval-
uated by instructing the patient to blow up a party balloon, blow against a fixed pres-
sure level into a manometer, or cough strongly (the cough reflex).'1628 The aim is to
determine whether a positive anal-to-rectal pressure differential is maintained. This
test is also useful for further evaluation of EAS function, especially in those patients
with apparently attenuated voluntary anal squeeze pressures in whom poor compli-
ance is suspected.'*

Measurements and clinical use

The rectoanal inhibitory reflex is an intramural reflex mediated by the myenteric plexus,
and modulated by the spinal cord.?! The amplitude and duration of relaxation are
correlated with the distending volume. Classically, the rectoanal inhibitory reflex is
absent in patients with Hirschsprung’s disease,®” although the clinical use of this
observation is negligible in an adult gastroenterologic practice, because undiagnosed
Hirschsprung’s disease in this population is exceptionally rare.' Differences in reflex
parameters have been shown between incontinent patients and healthy subjects,®8
but the clinical significance of these findings is unclear.

The rectoanal contractile reflex is a polysynaptic sacral reflex,3® which results in
a contraction of the EAS. Under normal circumstances, intra-anal pressure should
exceed intrarectal pressure, and the duration of the reflex anal contraction should
be longer than the intra-abdominal pressure peak.' An abnormal reflex response,
along with attenuated voluntary squeeze pressures, indicates neural damage of the
sacral arc, either of the spinal sacral segments or the pudendal nerves;'* such patients
usually suffer from urge incontinence, and may have a lesion of the cauda equina or
sacral plexus, a pudendal neuropathy, or more generalized peripheral neuropathy
(eg, diabetes). The reflex is preserved in patients with a supraconal spinal cord lesion,®
but in such individuals, voluntary squeeze pressures are impaired or absent.?® There
are no data on the specificity of this reflex. In clinical practice, it may be most useful to
check a patient’s compliance with instructions to squeeze, but in those without overt
neurologic signs or evidence of spinal damage, an abnormal reflex may be interpreted
as a subclinical neuropathy.'

Rectoanal Pressure Relationships During Defecatory Maneuvers

In patients with symptoms of disordered rectal evacuation, which are suspected to be
caused by pelvic floor dysfunction, simple manometric assessment of rectoanal
coordination during defecatory maneuvers, such as bearing down or straining, can
be performed. Normally, these result in an increase in intrarectal pressure caused
by the Valsalva maneuver, associated with a decrease in intra-anal pressure, caused
by coordinated relaxation of the EAS. This process is under voluntary control, and is
most likely a learned response. The cough reflex is likely inhibited concomitantly by
descending inhibitory pathways.'* These mechanisms facilitate the process of defe-
cation. An inability to perform this coordinated movement has been proposed to rep-
resent the principal pathophysiologic mechanism in patients with a functional
defecation disorder, variably termed “dyssynergic defecation,” “anismus,” “outlet

dysfunction,” “functional outlet obstruction,” or “pelvic floor dyssynergia”. 4044

LI

Technique
Intra-anal and intrarectal pressures (from within the rectal balloon, which may or may
not be distended'#) should be recorded simultaneously while the patient is asked to
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strain as if to defecate. There is no agreed method for this technique.' It is important
to limit movement of the pressure-sensing device within the anal canal.

Measurements and clinical use
Straining should induce a relaxation of the anal canal in asymptomatic subjects
(Fig. 2A). Three dyssynergic patterns of defecation, however, may be evidenced
(see Fig. 2B):345 (1) type 1, a paradoxic increase in intra-anal pressure in the presence
of adequate expulsive forces (increase in intrarectal pressure); (2) type 2, an inability to
generate adequate expulsive forces (no increase in intrarectal pressure), together with
a paradoxic increase in intra-anal pressure; and (3) type 3, generation of adequate
expulsive forces (increase in intrarectal pressure), but absent or incomplete (<20%)
reduction in intra-anal pressure.*! These findings alone, however, are not diagnostic
for a functional defecation disorder, which requires further supportive clinical
evidence.** Nevertheless, the test may be useful in identifying patients who are ame-
nable to biofeedback therapy.*®

In constipated patients, a positive yield for dyssynergia using anorectal manometry
has been shown to vary between 20% and 75%.4¢ The test has been criticized,
however, on a number of fronts: notably, manometry is conducted in the horizontal
position, and expulsion efforts do not mimic normal defecation; patient cooperation
is the key component, and some patients’ embarrassment at the nature of this test
may inhibit normal evacuation.*? Taken together, these factors likely lead to an
overdiagnosis of dyssynergia.
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Fig. 2. Relationship between rectal and anal pressures during defecatory maneuvers in
a normal subject (A), and three patients with different types of dyssynergia (B). (Adapted
from Rao SS, Azpiroz F, Diamant N, et al. Minimum standards of anorectal manometry. Neu-
rogastroenterol Motil 2002;14:553-9; and Rao SS, Mudipalli RS, Stessman M, et al. Investiga-
tion of the utility of colorectal function tests and Rome Il criteria in dyssynergic defecation
(anismus). Neurogastroenterol Motil 2004;16:589-96; with permission.)
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Balloon Expulsion Test

This represents an extension to the previously mentioned method of assessing rectoa-
nal co-ordination during defecatory maneuvers. The test evaluates a patient’s ability to
expel a filled balloon from the rectum, providing a simple and more physiologic
assessment of (simulated) defecation dynamics.

Technique

After inflation of the catheter-mounted balloon with either water at 37°C or air, the
patient can be transferred to a commode and instructed to expel the balloon. The
time taken for expulsion should be recorded and intraballoon pressure monitored
concomitantly to evaluate changes in intrarectal pressure. Inflation volume is typically
50 mL;'® however, a recent study advocated the individualization of volumes
dependent on sensation thresholds,*® because a sustained desire to defecate is
fundamental to initiate a defecatory maneuver.*”

Measurements and clinical use
Asymptomatic subjects can expel the balloon in a median of 50 seconds (range,
10-300)'® with an increase in intra-abdominal pressure of greater than 80 mm
Hg.'® Despite generating similar increases in intra-abdominal and pelvic pressure
on straining as normal subjects, patients with constipation are often unable to ex-
pel a filled balloon,*® which may be secondary to functional or mechanic outlet
obstruction. In others, expulsive forces are inadequate to facilitate passage of
the balloon.?® In a recent large study,*® the balloon expulsion test was shown
to have a sensitivity of 88% and positive predictive value of 64% for diagnosing
pelvic floor dysfunction and dyssynergic defecation; the specificity was 89%,
with a negative predictive value of 97%. Although balloon expulsion represents
a simple, useful screening test for a functional defecation disorder,® results should
be interpreted alongside those of other tests of anorectal function.*® Evacuation
proctography remains the gold standard method for investigating the process of
rectal evacuation.®

In patients with fecal incontinence, most have no problems expelling the
balloon.? In those presenting with fecal seepage, however, many demonstrate
impaired evacuation,*® suggesting that a disorder of defecation may underlie their
symptoms, and this may be allied to blunted perception of rectal sensation
(hyposensitivity).*%-%°

Ambulatory Anorectal Manometry

Prolonged assessment of intraluminal motor activity from the anorectum, using a man-
ometric catheter incorporating several solid-state pressure microtransducers, con-
nected to a portable solid-state recorder, may provide further invaluable information
regarding the pathophysiology of colorectal disorders; such techniques are gaining
more widespread use.®! The test is designed to monitor intraluminal pressure changes
under normal physiologic conditions, over prolonged periods, in ambulant subjects.
This is particularly useful in patients in whom symptoms are intermittent, where an
extended recording period may enable symptom episodes (eg, urgency, inconti-
nence®?) to be correlated with motor events (ie, contraction or relaxation).’>%! Such
studies are time-intensive and technologically challenging, however, notably in terms
of data interpretation and analysis.®' In addition, there is a relative paucity of data on
normal motor function. The clinical value of prolonged ambulatory anorectal manom-
etry remains unproved. %%
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SENSORIMOTOR EVALUATION

The anal canal and rectum, together with the surrounding pelvic floor musculature,
form an integrated functional unit.2'-5% The anorectum is richly innervated by extrinsic
sensory, motor, and autonomic nerves, and by the intrinsic enteric nervous system.®5%*
Accordingly, comprehensive evaluation of both sensory and motor function necessi-
tates the use of various complementary and integrated tests. This assessment is
further complicated because the innervation of the anal canal and rectum is distinct
neuroanatomically,% with the somatic nervous system innervating the anal canal
and the rectum receiving predominantly autonomic innervation (Table 2).5® Measure-
ment of sensory and motor function of the somatic nervous system is relatively
straightforward, but this is not the case with respect to the autonomic nervous system.
For the description that follows, tests of anorectal sensorimotor function are consid-
ered in isolation, although it should be remembered that they are frequently performed
as part of the overall objective evaluation of anorectal function in conjunction with the
other complementary physiologic investigations described in this article.

Assessment of Anal Sensorimotor Function

Anal sensation

The epithelium of anal canal has arich somatic sensory nerve supply made up of both free
and organized nerve endings.®” The modalities of anal sensation can be precisely de-
fined, with stimuli, such as touch, pain, and temperature, being readily appreciated.’"-%”

Technique

Anal sensation to touch may be assessed using von Frey hairs, although this only pro-
vides qualitative data, and thus assessment using mucosal electrosensitivity and tem-
perature sensation is preferred because these yield quantitative measurements.>8
Anal mucosal electrosensitivity can be quantified using a catheter-mounted bipolar
ring electrode inserted into the anal canal.®® A current is passed through the electrode
and steadily increased until sensation threshold (usually reported as a prickling feeling)
is noted by the patient.?® An alternative measure for anal sensation is using thermal
stimulation by specialized thermoprobes, which provide both hot and cold stimuli.®°

Measurements and clinical use

Normal ranges for mucosal electrosensitivity have been defined; %59 the threshold for
mucosal electrosensitivity increases with age (indicating reduced anal sensitivity),®
and the upper anal canal seems to be less sensitive to stimulation than the distal
anal canal. %" With thermal stimulation, normal individuals can detect median temper-
ature changes of around 1°C.%2 Diminished anal mucosal sensitivity (ie, elevated muco-
sal electrosensitivity and thermal thresholds) has been reported in patients with fecal
incontinence,>®"! diabetes mellitus,®® marked perineal descent,®? constipation,®’-64

Table 2
Functional neuroanatomy of the anorectum

Structure Innervation Sensory Component Motor Component

Anus PNS Pudendal (somatic) Inferior rectal (hemorrhoidal) nerve
afferents

Rectum ANS Rectospinal (visceral)  Superior-inferior mesenteric (pelvic) plexus
afferents

Abbreviations: ANS, autonomic nervous system; PNS, peripheral nervous system.
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hemorrhoids,®¢" and mucosal prolapse.?’ Assessment of anal canal sensation, how-
ever, is not of established clinical value.

Anal motor function

This is covered in the previous section on anal sphincter function and the later section
on pudendal nerve terminal motor latencies (PNTML) and electromyography (EMG).

Evaluation of Rectal Sensorimotor Function

Evaluation of rectal sensitivity involves the presentation of a stimulus and the mea-
surement of the perceived response to the stimulus. The available techniques are
shown in Table 3. For the assessment of rectal (efferent) motor function (Table 4),
manometry and balloon expulsion are discussed previously; consequently, this sec-
tion concentrates on the evaluation of rectal biomechanic properties.

Equipment

Latex balloon distention For simplicity and economy, rectal sensorimotor function can
be assessed using a latex balloon secured to a catheter that is distended (manually or
pump-assisted) with air or water,"'"®%, Incorporating water-perfused catheters or mi-
crotransducers within the rectal balloon allows the simultaneous acquisition of intra-
balloon (rectal) pressures and distending volumes, and thus calculation of rectal
compliance (see later).

Barostatassembly The barostat is a computer-driven device that consists of a pressure
transducer coupled through an electronic relay servomechanism and an electric motor
to a pneumatic pump. The assembly required to study rectal sensorimotor function
consists of an oversized polyethylene bag (infinitely compliant within the range of dis-
tention) connected to the barostat by means of a closed-tip double-lumen polyvinyl
tube rectal catheter. One lumen is used for inflation, whereas the other is connected
to the pressure transducer port of the barostat and is used to monitor pressure directly
within the barostat bag. The use of this equipment has certain advantages over the use
of latex balloon that is manually distended: (1) the bag is secured at both ends to the
catheter, which ensures distention in the circumferential axis by eliminating axial
migration into the sigmoid colon; (2) simultaneous acquisition of volume and pressure

Table 3
Techniques used in the measurement of rectal sensory function
Stimulation Response
Mechanical Distention Subjective Assessment of Conscious
Perception
Latex balloon with hand-held syringe Quantification of sensory thresholds
Polyethylene bag attached to a barostat Verbal descriptive (Likert) scales
Visual analog scales
Direct stimulation of rectal mucosa Quantification of reflex response
Electrical RIIl reflex
Thermal
Multimodal Objective central representation
Mechanical, thermal, electrical, Cortical evoked potentials
impedance planimetry Functional MRI

Abbreviation: MRI, magnetic resonance imaging.
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Table 4

Techniques used in the measurement of rectal motor function

Method Measurement Rationale

Static / ambulatory Intraluminal Reflects rectal
manometry pressure changes contractile activity

Barostat / impedance Rectal biomechanical Reflects, in part,
planimetry properties (tone, compliance, neurogenic function

strain, stress, and so forth) of rectal smooth muscle

Evacuation proctography, Rectal evacuatory function Summated end-product

balloon expulsion of motor function

data is possible, and it is not subject to the same limitations as volume-based (simple
balloon) distention techniques;®® and (3) the distention is computerized, which allows
distention parameters known to affect visceral sensitivity (see later), such as rate and
pattern of inflation, to be tightly controlled and standardized using the barostat
computer software. In addition, the influence of response bias may be minimized.

Patient preparation To enable accurate evaluation, all variables that may influence
measurements should be kept constant between studies. Certain guidelines have
been detailed in the report of an international working group.®® Whether subjects
should receive bowel preparation remains a contentious issue; cleansing the studied
segment of gut is preferable, but the use of bowel preparation may influence the
sensorimotor properties of that segment. The subject should be positioned prone.®

Rectal Sensation

The importance of rectal sensory dysfunction is increasingly recognized in the devel-
opment of functional bowel disorders.”-%267 Although the rectum is sensitive to
electrical®® and thermal stimulation,®® mechanical distention is the most reliable and
physiologic stimulus for the assessment of sensation.”®

Technique

Simple balloon distention Rectal sensation is most effectively and conveniently quanti-
fied in everyday clinical practice by manually distending a latex balloon with air, using
a hand-held syringe.™ Two techniques are used for inflation: ramp (continual) or inter-
mittent, which can be either phasic (volumes injected and then withdrawn)”" or step-
wise (volumes maintained between inflations).”? Sensory responses are altered by
(1) the type of inflation; (2) the distending medium (air or water); (3) speed of inflation;”"
(4) the distance of the balloon from the anal verge;'" (5) the position of the patient;'’
and (6) the biomechanic and structural properties of the rectum.”7374

Barostat distention The computerized barostat is now the method of choice for the
evaluation of various components of rectal sensorimotor function.’*6¢ For assess-
ment of rectal sensitivity, either phasic or stepwise isobaric distention paradigms
may be used with good reproducibility for both being reported.”® The “ascending
method of limits,” which involves the presentation of an increasing stimulus until
perceived by the subject, is usually used to measure sensory thresholds during disten-
tion. The use of such a predictable protocol, however, may incur response bias.
Various approaches have been adopted to reduce this. Recently, the Mayo group
has assessed visceral sensitivity using stepwise distention from 0 to 60 mm Hg in
4-mm Hg steps every 1 minute (ascending method of limits) and four random-order
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phasic distentions of pressures set at 12, 24, 36, and 48 mm Hg above the basal
operating pressure.”®”” Measurement of rectal sensitivity (and compliance and
tone) are only reproducible after a conditioning distention,”® however, which usually
involves distention from 0 to 36 mm Hg (or to maximum toleration) in 4-mm Hg
increments at 30-second intervals.

Direct stimulation of the rectal mucosa (nonmechanical distention): thermal and
electrostimulation The application of an electrical stimulus of 500-us duration and
10-Hz frequency to the rectal mucosa has been successfully used to assess rectal
sensory function.®® Similarly, thermal (cold or warm) stimulation may be applied to
the rectum using intraluminal water-filled bags’® or thermal probes.®® A specifically
designed thermal probe, capable of achieving temperatures from 38°C to 51°C, has
proved useful in the investigation of rectal sensory function.®®

Measurements and clinical use

Simple balloondistention During distention, subjects are instructed to volunteer a range
of sensations: first sensation; constant (flatus) sensation (optional); desire to defecate;
and maximum toleration.*'"85 The distending volume (or pressure) at each of these
sensory thresholds is then recorded. Despite large intersubject variation, several stud-
ies have reported a high degree of reproducibility with regard to recorded sensory
thresholds,®®"" notably for maximum tolerable volume.?™”® In recent years, consen-
sus statements and technical and performance reviews have acknowledged that eval-
uation of rectal sensory function using simple balloon distention is useful in the
assessment of functional gastrointestinal disorders,*'"'472 has an accepted place
in the clinical management of patients with anorectal disorders,*'" and is of estab-
lished value in terms of diagnostic potential.>#° It is important, however, to consider
that this technique measures “rectal perception of distention” and not (necessarily)
“afferent nerve function.”

Barostat distention Conscious perception can be measured by recording the volumes
or pressures required to trigger rectal sensations, as with simple balloon distention.
Alternatively, perception can be recorded using a rating scales, such as verbal
descriptive (Likert) scales and visual analog scales.®® The Mayo group has evaluated
rectal sensitivity by recording sensory pressure thresholds during an “ascending
method of limits” stepwise distention and by recording symptom ratings for gas,
urgency, discomfort, and pain during four random order phasic distentions.”®7”

Direct stimulation of the rectal mucosa (nonmechanical distention): thermal and
electrostimulation Electrical stimulation of the rectal mucosa results in the perception
of a discomfort, tingling or burning.®® Previously, it has been shown that it is safe and
reproducible, and that the results correlate well with the findings of simple balloon dis-
tention.®? It has been criticized, however, because results may be influenced by loss of
contact with the rectal mucosa, and the presence of feces in the rectum.®' Thermal
stimulation is most commonly described by subjects as a prickling or sharp feeling,
or an aching or throbbing sensation.®® A recent study has confirmed that a sensory
response is perceived by all subjects at temperatures above 43°C, and that heat
stimulation is a reproducible, simple technique that agrees well with simple balloon
distention in the assessment of rectal sensitivity in healthy volunteers.®® At the current
time, the value of both these techniques is yet to be established and they remain
confined to the research setting.™

Overall, irrespective of stimulation technique used, once normal ranges have been
determined in healthy control subjects, abnormalities of rectal sensitivity may be
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defined. Heightened sensory awareness (rectal hypersensitivity) is suggested by
sensory threshold volumes (or pressures) reduced below the normal range or verbal
descriptive or visual analog scale scores elevated above the normal range. By
contrast, impaired or blunted rectal sensitivity (rectal hyposensitivity) is suggested
by the presence of elevated sensory threshold volumes (or pressures) or reduced
verbal descriptive or visual analog scale scores compared with the normal range.*
Both rectal hypersensitivity and hyposensitivity have been reported in functional
bowel disorders.?+28:49,50,67,82

Limitations and implications for the assessment of rectal sensitivity in clinical practice
Traditionally, it has been considered that alteration of perception of rectal distention
automatically indicates afferent nerve dysfunction, such as that which may occur
following nerve or spinal injury.8® Abnormal sensory threshold volumes during simple
balloon distention may not accurately reflect the function of visceral afferents under
certain circumstances, however, because such volumes may be influenced by struc-
tural or biomechanic properties of the rectum.”® For example, in the presence of
increased rectal diameter or compliance, greater volumes are required to distend
and stimulate the rectum,”*84 and elevated sensory threshold volumes may conceiv-
ably reflect increased rectal size and inadequate stimulation, rather than dysfunction
of the rectal afferent pathway itself.”

Some advocate the measurement of sensory threshold pressures rather than vol-
umes. Changes in pressure are not the direct stimulus for rectal perception, however,
because rectal mechanoreceptors are stimulated by forces (strains) and deformations
(stresses) acting in the rectal wall.8%% |sobaric distention is not guaranteed to control
adequately for differing biomechanic properties. Furthermore, the measurement of
threshold pressures in the evaluation of rectal sensitivity is less practical in the clinical
setting.

Techniques that involve direct stimulation of the rectal mucosa have the advantage
of not being influenced by abnormal rectal wall properties, because they rely solely on
direct contact with the mucosa, and they offer more accurate evaluation of the rectal
afferent nerve pathway.‘as'69 Their impact on clinical management, however, remains
less certain.’ In patients with abnormal sensory threshold volumes to balloon disten-
tion, however, the use of such complementary techniques may be indicated.

Rectal Compliance

Rectal compliance refers to the ability of the rectum to distend, and is defined as the
“volume response to an imposed pressure”.8 The rectum initially actively relaxes in
response to distention,®” and this “adaptive relaxation,” facilitated by its viscoelastic
properties, allows accommodation of significant increases in volume while maintain-
ing low intraluminal pressures,® so that continence is not threatened. With continued
distention, the rectal wall becomes more resistant to stretch as its elastic limit is
approached, and there are regular contractions of the rectal wall,®® causing intrarectal
pressure to rise.

Technique

Although feasible using conventional latex balloon distention, rectal compliance can
be most accurately assessed using the barostat, which minimizes both observer
bias and error.®® Measurement by means of latex (or equivalent) balloons requires
correction to account for their intrinsic elasticity.*'* Oversized polyethylene bags
are favored; provided that the range of volumes used for the study remains below
90% of the maximum volume of the bag, polyethylene can be regarded as infinitely
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compliant, in that its own properties have no influence on the internal pressure.®® Us-
ing an intermittent balloon distention technique, intrabag (intrarectal) volumes and
pressures are recorded concomitantly.* The pressure-volume relationship of the rec-
tum during distention, necessary for the calculation of rectal compliance, can be eval-
uated using a variety of paradigms, although phasic distention is most commonly
used, often with simultaneous assessment of sensitivity.®® It is important that each dis-
tending level is maintained for some time (typically 30-60 seconds) to enable the rec-
tum to adapt to a steady state and for accurate measurements to be obtained.’ A
typical recording of pressures and volumes during phasic isobaric distention using
a barostat is shown in Fig. 3A.

Measurements and clinical use

Rectal compliance is calculated as change in volume divided by change in pressure
(AV/AP)."1% For technical and physiologic reasons, however, the pressure-volume
curve is nonlinear, and calculating a single value to describe the slope of that curve
(ie, ascribing a linear measurement for compliance) is too simplistic and impre-
cise.*1190 |t is more accurate to express compliance values as a graphic plot of all vol-
umes tested.*'" Such a plot reveals a characteristic triphasic sigmoid curve (Fig. 3B).
A more accurate measure of compliance can be obtained by calculating the slope of
the pressure-volume curve.®® 73 Alternatively, compliance can be approximated to an
exponential function.’

Rectal compliance reduced below the normal range (indicative of a “stiff” rectum)
occurs because of rectal fibrosis (eg, due to chronic inflammatory diseases), chronic
ischemia, or pelvic irradiation.’ In such cases, the slope of the pressure-volume
curve is reduced (ie, it is closer to the horizontal position). Reduced rectal compli-
ance has also been noted in patients with diarrhea-predominant irritable bowel
syndrome®' and certain patients with urge fecal incontinence.>® By contrast, rectal
compliance increased above the normal range is indicative of an excessively lax
(floppy) rectum. The slope of the pressure-volume curve is displaced toward the ver-
tical position. Increased rectal compliance has been reported in patients with gross
dilatation of the rectum (megarectum)®® and certain patients with chronic
constipation.”

There is no clear consensus about the value of rectal compliance measurement and
its impact on clinical management.®® Given the potential influence of abnormal rectal
biomechanic properties on sensitivity, ' however, many specialist centers are now as-
sessing rectal compliance on a routine or selective basis.>

Rectal Tone

Rectal tone reflects fixed physical properties of the tissues (passive resistance) and
myogenic and neurogenic activity in the contractile apparatus of the rectal smooth
muscle.®® Changes in tone, both at rest and in response to physiologic (food) or phar-
macologic stimuli, can be measured with the barostat by using a prolonged isobaric
distention technique, with the pressure in the bag set at 2 mm Hg above the minimum
distending pressure, defined as the pressure that prevents complete collapse of the
bag. Because the barostat maintains a constant pressure by aspirating air from the
bag during rectal contraction, and injecting air into it during relaxation, movement of
the rectal wall may be closely followed. The volume of air aspirated or injected pro-
vides an indirect measure of the magnitude of the contraction or relaxation,®® and
hence tone. Currently, however, the value of measuring rectal tone remains uncertain
and it is performed only in research laboratories.
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Fig. 3. (A) Typical barostat recording during random phasic isobaric distention. The com-
puter display shows the actual and desired pressure during phasic distention. The actual
intrabag pressures obtained accurately reflected the preprogrammed desired pressures.
The intrabag volumes, required to obtain the desired pressure, are also shown. The
computed compliance measurement is not used during the analysis. (B) Pressure-volume
relationship during phasic isobaric distention. A plot of volume against pressure reveals
the classic sigmoid-shaped curve that summarizes the pressure-volume relationship of the
rectum. Mean rectal compliance is taken as the slope of the steep linear part of the curve.

Limitations and Implications for the Assessment of Rectal Compliance and Tone
in Clinical Practice

Although the need to consider rectal wall biomechanic properties when evaluating
rectal sensitivity is not in doubt,’*”2 the assessment of compliance and tone for this
purpose has attracted considerable criticism.®® Accordingly, the use of alternative
methodologies for studying rectal biomechanics has been proposed by the Aalborg
group. Impedance planimetry is a novel technology that combines rectal balloon infla-
tion with measurement of intrabag (ie, intraluminal) impedance, and provides an
accurate appreciation of capacity (cross-sectional area) and tension-strain
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relationships.®*% It offers a more informative evaluation of rectal biomechanics in
comparison with studies using the barostat.%®

NEUROPHYSIOLOGIC EVALUATION

It has long been recognized that anal sphincter dysfunction may be related to dener-
vation injury,®” and neurophysiologic assessment of the pelvic floor may be indicated
in patients with fecal incontinence. Electrodiagnostic tests principally enable charac-
terization of nerve, muscle, and neuromuscular junction integrity, help localize the
nerve injury, and provide a measure of severity. In addition, EMG studies may help
diagnose altered rectoanal co-ordination in patients with a functional outlet obstruc-
tion. Tests of both peripheral and central neural function are considered.

Pudendal Nerve Terminal Motor Latency

The pudendal nerve is a mixed nerve providing efferent and afferent pathways to the
EAS, urethral sphincter, perineal musculature, mucosa of the anal canal, and perineal
skin, but not the mid or distal rectum.®® The branches of the pudendal nerve, which
course over the pelvic floor, are vulnerable to stretch injury, which leads to denervation
of the EAS, and may result in muscle weakness and incontinence.®”-%8 Stimulation of
the pudendal nerve generates a compound muscle action potential (CMAP) response
of the EAS, which can be recorded by surface electrodes. Pudendal nerve terminal
motor latency (PNTML) is a measurement of the conduction time from stimulation of
the pudendal nerve at the level of the ischial spines, to the EAS contraction. Prolonged
latencies are used as a surrogate marker of pudendal neuropathy, and to ascertain
whether EAS weakness is secondary to pudendal nerve injury, a sphincter defect,
or both."" Before the advent of endoanal ultrasound, most cases of idiopathic or neu-
rogenic fecal incontinence were believed to be a result of pudendal nerve injury.®® It is
now recognized, however, that structural damage to the anal sphincters rather than
pudendal neuropathy is the underlying pathogenic mechanism in most patients'®°
and true isolated neuropathy may be rare.'"

Technique

Evaluation of pudendal nerve function is achieved using a disposable bipolar electrode
(St. Mark’s pudendal electrode), developed 20 years ago,'%? consisting of flexible
printed circuits and pairs of stimulating and recording electrodes, attached to a suit-
able EMG machine. This is mounted on the index finger of a gloved hand, which is then
inserted into the anorectum so that the recording electrodes, located at the base of the
finger, are sited within the anus at the level of the EAS.'® The pudendal nerve courses
around the pelvic brim, and can be stimulated by the stimulating electrodes located at
the tip of the finger, by palpating the ischial spines on either side and applying inter-
mittent electrical pulses; to ensure that all motor fibers within the nerve are stimulated,
a supramaximal stimulus should be used. A number of CMAP responses should be
elicited bilaterally to provide reproducibility of the response. The PNTML, in millisec-
onds, is measured as the time interval between the stimulus artifact and the onset
of the CMAP response. An alternative method to per rectal stimulation in women is
by a transvaginal technique, which may be less uncomfortable and is well
described. %%

Measurements and clinical use

The recorded latency primarily reflects integrity of myelin insulation of the nerve, but
may also indicate damage to the largest and fastest conducting fibers. A prolonged
latency indicates either demyelination'®® or irreparable damage of a number of fast
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firing fibers. Although amplitude of the CMAP response is a better measure of axonal
injury than the latency, in clinical practice this is not routinely measured.'%®1%4 The
upper limit of normal for PNTMLs has often been reported as 2.2 milliseconds; 6103
however, latencies are known to increase with age, independent of continence sta-
tus,%5197 and in healthy subjects over 50 years of age, normal latency values of
greater than 2.5 milliseconds have been reported.??1%:107 The normal upper limit
for latency, which is a continuous variable, not a dichotomous one, has been ill-
defined for a robust diagnosis of pudendal neuropathy.

The principal clinical use for the measurement of pudendal nerve function has been
in fecal incontinence.®%1%% Prolonged latencies have been demonstrated particularly
in those incontinent patients who have suffered obstetric trauma,’®® but also in
patients who have abnormal perineal descent'®® (perhaps because of excessive
straining at stool''9), rectal prolapse,’' or a recognized neurologic disorder.''?
Indeed, grouped data show that incontinent patients with bilaterally prolonged
PNTMLs have reduced anal squeeze pressures compared with controls, supporting
the concept that a neuropathic process impairs EAS function.'® In addition, pro-
longed latencies have been proposed as a prognostic indicator of the outcomes of
interventional treatment, either conservative''* or surgical 8115

Limitations

The value, and indeed the validity, of pudendal nerve latency testing has come under
increasing scrutiny,3811.14.104133 given that most incontinent patients are now
recognized as having identifiable muscle damage or degeneration.?®1%° Recording
of latencies is less sensitive than needle EMG studies to disclose anal sphincter dener-
vation."'®117 There are also a number of concerns related to methodology and
interpretation:

1. The sensitivity and specificity of this test is poor; many patients with delayed laten-
cies have squeeze pressures within the normal range and vice versa'%117

2. The known increase in PNTMLs with age is rarely accounted for, and normative
data are inadequate®

3. Normal latencies may be recorded in a damaged nerve, as long as some fast-con-
ducting fibers remain®

4. The test is operator dependent®'! and may be technically difficult to perform in
some patients, notably those with a high body mass index or a long anal canal

5. The close proximity of the stimulating and recording electrodes may lead to a motor
artifact, which can be mistaken for the true CMAP104

6. Reproducibility of the test is unknown®

7. Reports suggesting that prolonged latencies can predict clinical outcomes after
surgery are conflicting and inconsistent’'-11®

8. The significance of a unilateral neuropathy is unclear, although with recent evi-
dence of laterality of pudendal nerve innervation of the EAS,2° this perhaps merits
further investigation2

On the evidence to date, the routine use of PNTML testing is no longer advo-
cated®'1-14194 pecause it contributes little to the management of individual patients.

Electromyography

Recording of pelvic floor EMG (both the EAS and levator ani muscles) can be used in
a variety of ways:'""194122 (1) to map the EAS to identify areas of injury or congenital
abnormality; (2) to determine striated muscle function (ie, whether the muscle con-
tracts or relaxes appropriately, based on recruitment of firing motor units); (3) to
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assess denervation-reinnervation potentials, indicative of neural injury; and (4) in con-
junction with other tests of anorectal motor function (eg, manometry, proctography) to
provide an integrated assessment.

Technique

Studies of EMG activity can be performed using a needle electrode (either a concentric
needle, which samples approximately 30 motor units simultaneously, or a single-fiber
electrode, which samples only one motor unit at a time), a skin electrode, or an anal
plug electrode. The choice is dependent on the modality under study. Disposable nee-
dle electrodes are usually favored and are inserted transcutaneously with or without
topical anesthesia into the four quadrants of the EAS and also through the EAS into
the deeper puborectalis, by a midline approach between the anus and tip of the coc-
cyx; in experienced hands, this is not accompanied by severe discomfort.® Concentric
needle electrodes enable various parameters to be measured: insertional and sponta-
neous activities; and motor unit action potential (MUAP) morphology (duration, ampli-
tude, percentage polyphasia) and recruitment during voluntary or reflex (eg, to cough)
muscle contraction.?”1%4122 With single-fiber electrodes, fiber density can be calcu-
lated, which is an index of motor unit grouping, a consequence of denervation, and
subsequent reinnervation.%®22 For either method, 20 motor unit potentials are tradi-
tionally recorded at each site.®® Conventionally, only striated muscular activity is as-
sessed, although EMG studies of the IAS have been performed using fine-wire
electrodes.’?3

Measurements and clinical use

Using a concentric needle electrode, the EAS, under normal conditions, shows tonic
activity during the resting state (Fig. 4A); in a muscle replaced by scar tissue (eg, with
obstetric injury), there is no insertional activity.'%® Denervation injury is indicated by
abnormal spontaneous activity, such as fibrillation potentials and high-frequency dis-
charges, %3194 and increased temporal recruitment of MUAPs. Maximal activity during
voluntary muscle contraction is reduced, and there may be reinnervation (signs of
collateral sprouting) where MUAP morphology is disturbed (eg, prolonged duration,
altered amplitude, and increased polyphasia [Fig. 4B]).1°%194.122 Adjacent normal
muscle shows normal patterns of innervation on insertion, at rest, and during voluntary
activity. Automated computer analysis enables quantification of MUAP parameters.'%4

Fiber density, as recorded by single-fiber EMG, is defined as the mean number of
muscle fibers belonging to an individual motor unit per detection site.’®* Normal fiber
density in the EAS is greater than 2; an increase is a sensitive indicator of collateral
reinnervation. This test has been shown to be highly repeatable.’?*

In the striated anal musculature of patients with fecal incontinence, MUAP activity,
fiber density, and jitter (the stability of consecutive muscle fiber discharges, reflecting
the stability of terminal motor axons and neuromuscular transmission'®) have been
shown to be altered in comparison with controls.%8116-118.122,125 Ho\weyer, such neu-
rogenic changes may be caused by injury at any level along the motor neurone, from
sacral spinal cord to muscle fascicles entering the sphincter, and a firm diagnosis of
pudendal neuropathy can only be determined if those changes are seen both in the
anal sphincter and ischiocavernosus muscle.® The routine use of EMG studies for
the assessment of patients with fecal incontinence is diminishing in clinical practice,
given the widespread availability of endoanal ultrasonography, which has superseded
EMG for identifying muscle defects, and the fact that technique and interpretation may
require specialized training and expertise. Nevertheless, EMG assessment of the
pelvic floor may be considered in patients with clinically suspected neurogenic
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Fig. 4. Typical examples of a normal motor unit (A) and an abnormal motor unit (B), as
recorded by concentric needle EMG. (From Bharucha AE. Update of tests of colon and rectal
structure and function. J Clin Gastroenterol 2006;40:96-103; with permission.)

weakness, particularly if there are signs of proximal (spinal cord, sacral roots) involve-
ment.2 Furthermore, EMG signals, using an anal plug electrode, are commonly used
as a tool to facilitate biofeedback for pelvic floor retraining, either in patients with fecal
incontinence or a functional outlet obstruction.™

Somatosensory (Cortical) Evoked Potentials

Somatosensory evoked potentials allow evaluation of afferent pathways and are
measured by applying a peripheral stimulus and recording evoked potentials from
the central nervous system. The transmission and processing of sensory information
from the anus or rectum to the brain may be assessed using cortical evoked
potentials, which are measurements of the electrical potentials generated by cortical
neurons in response to a series of repeated sensory stimuli.’® The technique involves
the brief presentation of a sensory stimulus, which is time and phase locked to the
recording of the electroencephalogram by surface electrodes placed on the scalp.
The stimulus-specific cortical evoked potentials occur at a fixed time after each stim-
ulus, whereas other brain activity does not, and it can be extracted from the back-
ground electrical activity of the brain.'?® Both mechanic'?”1?® and electrical
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stimulation'?® have been used, with the latter being more reliable for recording cortical
evoked potentials.’2°

The rectal cortical evoked potential response provides an objective correlate of per-
ceived sensation, with the response increasing in amplitude while decreasing in
latency, as the stimulation intensity increases.® Nevertheless, despite resurgence
in the interest of cortical evoked potentials within the last few years, and the identifi-
cation of prolonged latencies in certain groups of patients,'?” at the current time the
technique remains confined to the research setting.

SUMMARY

Although rigorous laboratory assessment is not required for all patients, a number of
tests do exist for the manometric and neurophysiologic evaluation of motor and
sensory functions of the anorectum and pelvic floor. Judicious use of these tests is
recommended, but in those patients in whom investigation is warranted, a
comprehensive and structured assessment should be performed, given the multiple
mechanisms involved in the physiologic processes of continence preservation and
defecation, and the often multifactorial pathoetiology of anorectal dysfunction.’®" Sev-
eral studies have looked at the clinical impact of such investigations in patients with
fecal incontinence or constipation, and demonstrated that the information provided
markedly improved diagnostic yield®>132.133 and directly influenced or altered the
management plan in a significant proportion of cases.?132.134-136 Athough these in-
vestigations do not replace a careful and directed clinical assessment, they provide
complementary information that may allow a decision regarding choice of suitable,
rather than empiric therapy to be made on an individual basis. The major caveat is
that there is no uniform standardization of tests, and results between centers are often
difficult to compare. In addition, robust normative data for all measures of function
remain inadequate, particularly with regard to age and gender stratification. Further-
more, the tests are not widely available, and there is a lack of specialized training.137
To address these issues satisfactorily, particularly through education, must remain
a principal focus for those actively involved in this field. A better critical examination
of the diagnostic yield and accuracy of current investigations is also needed, and
this is only feasible through large, well-designed, prospective studies.*® Such an
approach would enable the refinement of existing techniques, both in terms of test
performance, indications for use, and data interpretation, which together with evolving
newer modalities will further enhance the diagnostic capabilities available to the
physician, and it is hoped contribute to the development of novel therapeutic options.
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The female pelvic floor is remarkable for the close functional relationships between its
gastrointestinal, genital, and urologic structures. Because of anatomic factors, shared
pelvic organ vascular supply and nervous system control, and overlapping environ-
mental and biologic risk factors, pelvic floor disorders often overlap in individual pa-
tients. For instance, epidemiologic studies have confirmed a link between fecal and
urinary incontinence in women.'~2 Obstructive defecation and vaginal prolapse are as-
sociated,*® although it is unclear whether defecatory dysfunction is more often
a cause or result of vaginal prolapse. Similarly, rectal prolapse and uterine and vaginal
prolapse result from defects in pelvic floor support, and may coexist or share similar
risk factors.®” Given the high frequency of overlapping pelvic floor conditions and
symptoms, the evaluation and treatment of women with anorectal dysfunction and
other pelvic floor disorders often require a multidisciplinary approach.

Pelvic floor disorders that result in urinary symptoms are frequently evaluated using
a set of tests collectively called “urodynamic testing.” Urodynamic tests evaluate
lower urinary tract and pelvic floor function and dysfunction, and provide objective in-
formation about manometric, sensorimotor, and neurophysiologic parameters related
to the bladder and pelvic floor. This article describes urodynamic tests and their
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parameters and discusses the role that urodynamic testing plays in the evaluation of
common pelvic floor disorders.

ANATOMY AND INNERVATION OF THE BLADDER AND PELVIC FLOOR

Before discussing the urodynamic tests and their parameters, it is important to have
a basic understanding of the anatomy and physiology of the bladder and pelvic floor.
The lower urinary tract, including the bladder and urethra, must carry out both urine
storage (bladder filling) and evacuation (micturition or bladder emptying) functions.
The smooth muscle of the bladder walls (detrusor muscle) must relax during the filling
phase and contract during micturition; and conversely, the smooth and striated por-
tions of the urethra must contract during filling and relax during emptying. The bladder
and urethra are intimately related to structures of the pelvic floor; consequently, opti-
mal bladder function depends not only on an intact lower urinary neuromuscular sys-
tem, but also on a well-functioning pelvic floor that provides adequate anatomic
support.®

The supportive functions of the pelvic floor are performed by both muscular and
connective tissue components. The pelvic floor muscles are the levator ani (including
the puborectalis, pubococcygeus, and iliococcygeus) and coccygeus muscles. These
muscles are attached laterally along the pelvic sidewalls, creating a hammock-like
sling between the pubis and coccyx. The levator ani muscle is tonically contracted,
providing a firm posterior shelf to support the pelvic contents and aid with urinary con-
tinence.® The connective tissue of the pelvic floor, sometimes called “endopelvic fas-
cia,” is a loose network of connective tissue, small vessels, lymphatics, and nerves,
which surrounds and supports the pelvic organs and the vagina through its connec-
tions to the pelvic floor muscles.

Bladder filling and voiding functions are controlled by closely coordinated auto-
nomic and somatic neurologic pathways.® The autonomic controls of the bladder in-
clude sympathetic and parasympathetic functions. The sympathetic (thoracolumbar)
nerves promote urine storage by relaxing the detrusor muscle and contracting smooth
muscle in the bladder neck and urethra. These nerves are inhibited during voiding. In
contrast, parasympathetic (sacral) nerves cause the detrusor muscle to contract and
are stimulated during micturition. The somatic nervous system controls the striated
external urethral sphincter and levator ani muscle through the pudendal nerve and
the sacral nerve roots (S2-S4). Inhibition of these nerves causes relaxation of the blad-
der outlet and pelvic floor, which must occur during voiding. The central nervous sys-
tem provides voluntary control and modification of micturition reflexes.

COMPONENTS OF URODYNAMICS

Lower urinary tract dysfunction is often categorized into disorders of bladder storage
and disorders of bladder emptying. Various urodynamic tests may aid in the evaluation
of one or both functions. Individual urodynamic tests include cystometry, uroflowme-
try, pressure flow studies, electromyography (EMG), and videourodynamics. In prac-
tice, several or all of these components are often combined and performed together as
“urodynamic testing.”

Cystometry

Cystometry refers to the measurement of intravesical bladder pressure during bladder
filling, and most consider it the cornerstone of urodynamic testing.'® Several standard
parameters are evaluated during a cystometrogram including bladder storage pres-
sure, capacity, sensation, bladder stability, and compliance.
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In preparation for this phase of urodynamics, both urethral and rectal (or vaginal)
catheters are placed. The bladder is then filled with contrast, saline, or water through
the urethral catheter, and several parameters are continuously measured. The direct
measurement of bladder pressure during cystometry, or intra vesical pressure
(Pves), reflects the total pressure within the bladder. This is defined as the sum of
the pressure within the bladder caused by “bladder wall events,” or detrusor pressure
(Pdet), and the pressure exerted on the bladder by external sources, or intra-abdom-
inal pressure (Pabd). Pabd is measured by the rectal catheter. The actual pressure
within the bladder caused by “bladder wall events,” or Pdet, is not a directly measur-
able entity, and is calculated by subtracting Pabd from Pves.'° A typical videourody-
namic setup illustrating these parameters is shown in Fig. 1.

Bladder sensation during filling is studied by questioning the patient during the test.
Sensation during cystometry is subjective, and can be influenced by the rate of filling;
temperature of the fluid medium; position of the patient (supine versus upright); and
the patient’s level of concentration. Determining the volumes at which different de-
grees of fullness occur, and the report of pain during filling, and evidence of decreased
sensation during filling may all be subtle predictors of disease processes. The greatest
value of the cystometrogram with respect to sensation occurs when a symptom
arises, and sensation is correlated to actual Pves changes.™

Bladder capacity that is measured during urodynamics, or the maximum cystomet-
ric capacity, reflects the volume at which a subject with normal bladder sensation can
no longer delay voiding.'® This measurement is different from the functional bladder
capacity, which is usually determined by the voiding diary, and the maximum anes-
thetic capacity, which is obtained under anesthesia.
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A “stable” bladder refers to the accommodation of increasing bladder volumes
without evidence of an involuntary detrusor contraction, or detrusor overactivity. Ac-
cording to the most recent definition from the International Continence Society (ICS),
detrusor overactivity is an observation of involuntary detrusor contractions during ur-
odynamics, which may be either spontaneous or provoked.'? Detrusor overactivity is
demonstrated on a cystometrogram tracing in Fig. 2.

Bladder compliance is another important parameter that can be measured during
cystometry. Compliance (C) has been described simply as the “inverse of stiffness,”
and is formally defined as the change in bladder pressure for a given change in
volume.'® Compliance is calculated by dividing the volume change (V) by the Pdet
(C = V/Pdet) and is expressed as milliliter per centimeter of H,0."® A normal bladder
displays low pressures during filling because of its spherical shape and viscoelastic
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Fig. 2. The cystometrogram of a 72-year-old woman who presented with urinary inconti-
nence symptoms. Detrusor overactivity (an involuntary bladder contraction) is seen and is
illustrated by an abrupt rise in Pdet and Pves, without rise in Pabd.



properties. Loss of elasticity results from replacement of the muscle with collagen, and
can be caused by a number of disease processes including neurologic conditions,
prolonged catheter drainage, radiation therapy, prior pelvic or urethral surgery, inter-
stitial cystitis, and obstructive uropathy.'® A poorly compliant bladder displays an
abnormal, often linear increase in Pdet during filling (Fig. 3). This can result in danger-
ously high detrusor storage pressures. High storage pressures can distort the normal
detrusor anatomy resulting in the development of vesicoureteral reflux, and can be
transmitted to the upper tracts, causing the development of hydronephrosis and renal
failure. Early studies by McGuire and associates' have shown that sustained Pdet

Urodynamic Evaluation of the Bladder

greater than 40 cm H,0 is specifically linked to renal or upper tract damage.
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Fig.3. The cystometrogram of a 63-year-old woman with history of abdominoperineal resec-
tion and adjuvant chemotherapy and radiation therapy for rectal cancer, who presented
with elevated creatinine and severe bilateral hydronephrosis. The tracing demonstrates
a poorly compliant bladder, with high detrusor storage pressures (seen in Pdet and Pves).
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Lastly, bladder compliance can be calculated using two standard points: the Pdet at
the start of filling with the corresponding bladder volume; and the Pdet and volume at
cystometric capacity, or before the start of any detrusor contraction that causes any
significant leakage.'? Many clinicians, however, rely less on the actual calculated
value of compliance and more on the actual bladder pressure during filling, because
compliance can vary depending on the volume over which it is calculated.

Uroflowmetry

Uroflowmetry is one of the most commonly used forms of urodynamic testing. It is
a noninvasive test that measures the rate of urine flow over time. Uroflowmetry in-
volves a well-hydrated patient voiding into a uroflowmeter, which in turn generates
a “flow curve.” The flow curve is plotted with the urine flow on the y-axis and time
on the x-axis. Fig. 4 demonstrates a typical uroflowmetry curve. Uroflowmetry is ex-
tremely useful as a screening test, especially to determine which patients may need
further testing with more formal urodynamics, although it cannot determine the exact
cause of a patient’s voiding dysfunction.™®

There are several important variables to consider when interpreting the results of
a uroflow test. First, the voided volume influences the validity of the test, because
peak flow rates vary with the volume voided.'® For example, a voided volume less
than 150 mL may indicate an invalid test, because flow patterns and parameters are
inaccurate below this volume. Also, the voiding of a very large volume may lead to
an abnormal flow test result in a patient with no significant pathology. This results
from overstretching of the detrusor muscle, which can cause an inefficient contraction.

Next, maximum flow, or Qmax, is the maximum measured rate of flow, and can be
determined by evaluating the flow curve during uroflowmetry (see Fig. 4).'° Qmax can
be influenced by a number of factors, including age, gender, and volume voided. One
must interpret this value in the setting of additional clinical information. For example,
flow rates in men decrease with age. Also, women generate higher flow rates on av-
erage than men because of the presence of a shorter urethra, which offers less resis-
tance.™ Finally, there can be variability among uroflow tests in the same patient,
depending on several factors, including time of day, hydration status, and even “learn-
ing” by repetition. It is important to repeat an abnormal test on a patient who is being
considered for surgery or invasive therapy.

Flow rate
(ml/s)

Flow time =i
Time (s)

Fig.4. Schematic of a normal uroflowmetry curve, with flow rates measured over time. Note
Qmax (maximum flow rate) at peak of curve and normal “bell-shaped” flow pattern. (From
Peterson AC, Webster GD. Urodynamic and videourodynamic evaluation of voiding dysfunc-
tion. In: Wein AJ, Kavoussi LR, Novick AC, et al, editors. Campbell-Walsh urology. Philadel-
phia: WB Saunders; 2007. p. 2001; with permission.)
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Finally, the pattern of flow is also important to consider when evaluating uroflow
data, although this may be subject to the interpretation of the individual clinician be-
cause there is no standard against which to compare these patterns. Flow patterns
can be described in various ways, such as “intermittent,” which may indicate obstruc-
tion. Abnormal uroflowmetry results are often further evaluated using a more invasive
test, typically a pressure flow study.

Pressure Flow Studies

Although uroflow studies are good screening tests for identifying patients with low flow
rates or abnormal voiding patterns, they cannot identify whether this is caused by out-
let obstruction or poor detrusor contractility. Pressure flow studies are useful in deter-
mining a patient’s voiding mechanism and the cause that underlies abnormal voiding.
Pressure flow studies combine uroflowmetry with simultaneous measurement of Pdet,
and require placement of a rectal (or vaginal) catheter for Pabd measurement, and
a urethral catheter, which measures Pves and allows the calculation of Pdet during
voiding. The bladder is filled until the patient feels sufficiently full, and then the patient
is asked to void. By measuring the Pdet during voiding, specifically at maximum flow,
one can determine whether poor flow is caused by obstruction (high pressures) or
whether it is caused by detrusor failure (low or absent Pdet). Similar to noninvasive
uroflowmetry, flow rates (including Qmax) and the pattern of flow are also evaluated
during pressure flow studies.

Whereas outlet obstruction may be seen frequently in men because of an enlarged
prostate, in women it is most likely caused by pelvic organ prolapse, as a complication
after surgery for stress incontinence, or from pelvic floor or external sphincter pathol-
ogy, such as detrusor sphincter dyssynergia. Fig. 5 is a pressure flow study from a fe-
male patient demonstrating bladder outlet obstruction occurring after a pubovaginal
sling procedure performed for stress incontinence.

Electromyography

EMG is an additional part of standard urodynamic testing that can be performed dur-
ing cystometry and during the pressure flow study to evaluate the striated urethral
sphincter and pelvic floor. EMG monitoring is most commonly done with either peri-
neal surface-patch electrodes or needle electrodes. Needle electrodes (the gold stan-
dard) are able to isolate electrical activity from specific muscle fibers within a 0.5-mm
radius of the tip.'®'” They are, however, invasive, uncomfortable, and can be easily
dislodged with movement. Use of patch electrodes has the benefit of being essentially
noninvasive, with a patch being placed on the perineum, but some argue that the sig-
nal source may be inferior.'®

Although the striated urethral sphincter and levator ani are located in close proxim-
ity, they are anatomically and neurologically discontinuous.'® Perineal surface mea-
surements may not accurately reflect striated sphincter activity, but a compounding
of motor unit signals from all muscles of the pelvic floor. A recent study evaluated
patch versus needle electrodes during pressure flow studies, and found that needle
electrode EMG was more often interpretable, and showed motor unit quiescence of
the external sphincter more often, suggesting that the signal obtained from the pelvic
floor musculature in the region may mask the actual signal obtained from the external
sphincter.’ Needle electrodes have been found to be more reliable in evaluating the
urethral sphincter.

As with other aspects of urodynamics, it is important to recognize normal findings
on EMG to interpret abnormal findings. A normal EMG study essentially rules out
a neurologic cause in a patient’s voiding dysfunction; however, an abnormal EMG
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Fig.5. A 54-year-old woman presented with new voiding complaints after pubovaginal sling
ow flow, and incomplete

surgery. Pressure flow study demonstrated high detrusor pressure, |

bladder emptying (Pdet = 60 cm H,0, Qmax = 10 mL/s, and postvoid residual = 100 mL).

study may signify that further work-up is warranted. For example, low-level firing of
EMG is seen in normal subjects at rest, and it increases in amplitude and frequency
with increases in Pabd, such as with coughing and laughing, and with bladder filling."®
Patients may also exhibit an increased EMG activity during an involuntary detrusor
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contraction if they voluntarily try to contract their pelvic muscles to prevent leakage.
Silence of the EMG signals is believed to be the first recognizable sign of the onset
of micturition and should remain that way throughout flow.

Evaluation of the pelvic floor and external sphincter musculature by EMG is an inte-
gral component of the work-up of patients with obstructive voiding complaints to rule
out sphincter or pelvic floor muscle dysfunction. Dysfunctional voiding is character-
ized by an intermittent flow rate caused by involuntary intermittent contractions of
the periurethral striated muscle or pelvic floor during voiding in neurologically normal
individuals.'? In those patients with suspected bladder outlet obstruction caused by
an anatomic source (eg, pelvic organ prolapse), evaluation with EMG during voiding
is important to rule out sphincteric dysfunction. Patients with an underlying and undi-
agnosed neurologic disorder may also display urethral sphincter dysfunction, and may
present with either irritative or obstructive voiding complaints. In the setting of neuro-
logic disease, this abnormal EMG finding is termed “detrusor sphincter dyssynergia,”
and is defined as a detrusor contraction concurrent with an involuntary contraction of
the urethral or periurethral striated muscle, which may prevent flow of urine.'? Urody-
namically, detrusor sphincter dyssynergia is seen as a confluence of large amplitude
EMG spikes during flow, and can occur in patients with neurologic disorders, such as
multiple sclerosis and suprasacral spinal cord injury.® In a patient without a known
neurologic diagnosis, suspected detrusor sphincter dyssynergia should signal the
physician that further work-up is warranted to exclude a neurologic etiology.

Video Urodynamics

Videourodynamic evaluation, which combines the use of fluoroscopy with the mea-
surement of bladder and urethral pressures during cystometry or the pressure flow
study, is desirable when simultaneous evaluation of structure and function is neces-
sary to make a precise diagnosis.'® Videourodynamics may be especially helpful in
the work-up of urinary incontinence associated with pelvic organ prolapse (discussed
later). It is also useful in the evaluation of voiding dysfunction, specifically to identify
the presence of vesicoureteral reflux caused by poor bladder compliance. If reflux oc-
curs at low volumes, it may act as a “pop-off mechanism,” which may prevent eleva-
tion of a patient’s Pdet on the urodynamic tracing. This phenomenon may go
unnoticed without use of fluoroscopy. Bladder diverticula caused by chronic bladder
outlet obstruction may also result in an artificially low Pdet during voiding and may not
be recognized during urodynamics without fluoroscopy.

URODYNAMICS IN THE EVALUATION OF PELVIC FLOOR DISORDERS
Indications

Urodynamic tests may provide a better understanding of the underlying pathophysio-
logic mechanisms of urinary disorders. Although often considered an essential part of
the evaluation and management of patients with lower urinary tract symptoms, the
clinical use of urodynamics has not yet been clearly demonstrated.?? Experts agree
that the validity of urodynamics is linked to the patient’s symptoms and the ability
to reproduce those symptoms during the testing session. Urodynamic test results
should also be interpreted alongside information obtained from the entire clinical eval-
uation, which includes symptom observation, medical history, physical examination,
voiding diary, and other selected tests. When evaluating a patient with voiding dys-
function, it is important to have a specific set of questions in mind before performing
urodynamics. As with any test, one should know what information one wants to obtain
from the test before its execution, and the limitations of the test.
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Urodynamic tests are not necessary in the evaluation of every patient with lower uri-
nary tract symptoms. For instance, urodynamic tests are not recommended in the ini-
tial evaluation of uncomplicated female urinary incontinence when conservative
treatments are planned.?%2! Urodynamic tests should be performed in cases with
complex features, when diagnosis is difficult, and before more invasive therapy is
considered.?°

Indications for urodynamic testing in women with urinary incontinence include the
following:

e Urinary complaints with complex features
® Incomplete bladder emptying
e Prior anti-incontinence surgery
e Symptomatic pelvic organ prolapse
e Associated neurologic condition
¢ Before initiating invasive therapy
e Symptoms do not correlate with objective findings
e Failure to improve after initial treatment.

Stress Urinary Incontinence and Pelvic Organ Prolapse

Provocative cystometry is the key urodynamic test for the evaluation of stress urinary
incontinence symptoms. According to the ICS terminology report,'® urodynamic
stress incontinence (previously “genuine stress incontinence”) is the observation of
urethral leakage during increased abdominal pressure, in the absence of a detrusor
contraction. Studies suggest that cystometry has varying sensitivity and specificity
for the symptom of stress incontinence, depending on whether other symptoms (often
mixed urinary incontinence) are present. One review reported that the symptom of
stress incontinence had a 56% positive predictive value for pure urodynamic stress
incontinence and 79% for urodynamic stress incontinence with other abnormalities.??

In addition to the observation of urodynamic stress incontinence, urethral parame-
ters measured during cystometry may be used to aid in determining prognosis and in
patient counseling. A urethral pressure profile may be measured at rest with a urethral
catheter by slowly withdrawing the catheter while measuring pressures. The maximum
urethral closure pressure, identified during a urethral pressure profile, represents the
highest pressure along the functional length of the urethra. The maximum urethral clo-
sure pressure has been reported to correlate with stress incontinence severity and
with surgical outcomes in some studies, but not in others, and the reproducibility of
urethral pressure profile parameters is poor.2° If leakage is present, abdominal or Val-
salva leak point pressures can be measured, representing the Pves at which urine
leakage occurs because of increased abdominal pressure in the absence of a detrusor
contraction.'>23 Leak point pressures have been used to assign broad categories of
stress incontinence, which may be used to guide treatment. Because leak point pres-
sures are performed during stress maneuvers and maximum urethral closure pressure
measured at rest, the leak point pressures may more accurately reflect the pathophys-
iologic processes associated with stress incontinence.?® Research using leak point
pressures is limited, however, by a lack of standardized definitions and techniques,
and because data on reproducibility are sparse.?®

The use of urodynamics plus fluoroscopy, or videourodynamics, is often useful in
the evaluation of both urinary incontinence and prolapse. Under fluoroscopy, the ure-
thra and bladder base are observed during the filling phase, looking specifically for
whether or not the bladder neck is closed at rest, and for the position of the bladder
in relation to the pubic symphysis. If significant prolapse exists, it may be necessary
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either to obtain fluoroscopic images with the patient in the oblique position to deter-
mine whether urethral hypermobility is present, or to repeat the images with either
pessary or vaginal pack reduction of the prolapse. During stress maneuvers (straining
and coughing), the bladder neck and urethra are evaluated for opening and leakage.
The presence and degree of prolapse may also be assessed. Fig. 6 demonstrates the
use of fluoroscopy during cystometry in a woman with a cystocele (anterior vaginal
wall prolapse).

Women with severe prolapse may not have stress incontinence symptoms, but may
develop them when the prolapse is reduced. Many recommend that urodynamic test-
ing be performed in women with moderate to severe pelvic organ prolapse to evaluate
for “occult” stress incontinence before surgery and to identify which patients should
have a concurrent incontinence surgery at time of their prolapse repair. In such pa-
tients, cystometry may be performed with the prolapse reduced using a pessary, vag-
inal pack, or speculum. “Occult” stress incontinence is demonstrated when the
patient does not leak on urodynamics without reduction of the prolapse, but demon-
strates urodynamic stress incontinence when the prolapse is reduced (see Fig. 6). Al-
though most studies report high rates of occult stress incontinence among women
with severe prolapse, it is unclear whether treatment outcomes are altered when these
urodynamic techniques are performed. One study found that urodynamic testing be-
fore prolapse surgery was not cost-effective.?* A review of the literature by the Third
International Consultation on Incontinence found that there is no reliable test that can
demonstrate which patients with prolapse are at risk for postoperative incontinence.?°

Fig. 6. A 71-year-old female patient presented with urge urinary incontinence and vaginal
bulge symptoms. Fluoroscopic images taken during cystometry are shown, including rest
(A), Valsalva (B), and oblique (C) perspectives. During cystometry, no urodynamic stress in-
continence was initially demonstrated, but when the prolapse was reduced with a pessary
(D; arrows), leakage was seen during Valsalva (E), consistent with “occult” stress
incontinence.
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Overactive Bladder

In 2002, the ICS defined overactive bladder as a symptom-based condition character-
ized by “urgency, with or without urge incontinence, usually with frequency and noc-
turia,” in the absence of other etiologies.'? This definition focuses on urgency, rather
than urge incontinence, because it is increasingly recognized that approximately two
thirds of patients with overactive bladder do not have urge incontinence.?®

Overactive bladder symptoms are, however, poor predictors of urodynamic detru-
sor overactivity. Some studies suggest that sensitivity of clinical diagnosis is better
than that obtained with urodynamic testing, because greater than 50% of patients
with a subjective history of urge urinary incontinence have normal urodynamic stud-
ies?® and, conversely, detrusor overactivity may be observed on cystometry in about
10% of asymptomatic women.2° Given this, the Third International Consultation on In-
continence recommends that invasive urodynamic testing is not needed before insti-
tuting conservative therapies in patients with uncomplicated overactive bladder and
urge incontinence (no symptoms of voiding difficulties).2® Similar to the evaluation of
stress urinary incontinence symptoms, urodynamics are recommended in complex
cases.

If symptoms are not improved with typical conservative therapies, urodynamics
should be pursued to rule out other causes of incontinence, including poor compliance
and occult stress incontinence. Furthermore, evaluation of the pelvic floor by EMG
may identify dysfunctional voiding, an entity that may respond well to biofeedback.

Neurologic Lesions

Normal storage and evacuation of urine requires a complex interplay among neural
centers in the spinal cord, supraspinal, and peripheral nerve centers. Interruption or
insult at any level can cause voiding dysfunction, and the complex symptoms resulting
from neurologic lesions and disorders generally deserve full characterization using ur-
odynamic tests.2® Characteristic urodynamic findings may be seen, depending on the
type of neurologic lesion (eg, suprapontine, suprasacral, or sacral) involved.

SUMMARY

Urodynamic testing plays an important role in the evaluation of women with pelvic floor
disorders, including stress urinary incontinence, pelvic organ prolapse, and overactive
bladder, especially in patients in whom conservative treatment efforts have failed. Ur-
odynamic tests, which may include cystometry, uroflowmetry, pressure flow studies,
EMG, or videourodynamics, can be used to provide objective measurements of lower
urinary tract and pelvic floor function and to suggest underlying etiologies for bother-
some lower urinary tract symptoms.

REFERENCES

1. Varma M, Brown J, Creasman J, et al. Fecal incontinence in females older than
age 40 years: who is at risk? Dis Colon Rectum 2006;49:841-51.

2. Roberts RO, Jacobsen SJ, Reilly WT, et al. Prevalence of combined fecal and uri-
nary incontinence: a community-based study. J Am Geriatr Soc 1999;47:837-41.

3. Markland AD, Kraus SR, Richter HE, et al. Prevalence and risk factors of fecal
incontinence in women undergoing stress incontinence surgery. Am J Obstet
Gynecol 2007;197:662.e1-662.€7.



10.

11.

12.

13.

14,

15.

16.

17.

18.

19.

20.

21.

22.

Urodynamic Evaluation of the Bladder

Arya LA, Novi JM, Shaunik A, et al. Pelvic organ prolapse, constipation, and
dietary fiber intake in women: a case-control study. Am J Obstet Gynecol 2005;
192:1687-91.

. Morgan DM, Delancey JO, Guire KE, et al. Symptoms of anal incontinence and

difficult defecation among women with prolapse and a matched control cohort.
Am J Obstet Gynecol 2007;197:509.e1-509.€6.

Peters WA I, Smith MR, Drescher CW. Rectal prolapse in women with other
defects of pelvic floor support. Am J Obstet Gynecol 2001;184:1488-95.

. Altman D, Zetterstrom J, Schultz |, et al. Pelvic organ prolapse and urinary incon-

tinence in women with surgically managed rectal prolapse: a population-based
case-control study. Dis Colon Rectum 2006;49:28-35.

Delancey JO. Anatomy of the female bladder and urethra. In: Bent AE,
Ostergard DR, Cundiff GW, editors. Ostergard’s urogynecology and pelvic floor
dysfunction. 5th edition. Philadelphia: Lippincott Williams & Wilkins; 2003. p.
3-18.

Benson JT, Walters MD. Neurophysiology and pharmacology of the lower urinary
tract. In: Walters MD, Karram MM, editors. Urogynecology and reconstructive sur-
gery. Philadelphia: Mosby Elsevier; 2007. p. 31-43.

Webster GD, Kreder KJ. The neurourologic evaluation. In: Walsh PC, Retik AB,
Vaughan ED, editors. Campbell’s urology. 7th edition. Philadelphia: Saunders;
1998. p. 927-52.

Nitti VW. Cystometry and abdominal pressure monitoring. In: Nitti VW, editor.
Practical urodynamics. Philadelphia: Saunders; 1998. p. 38-51.

Abrams P, Cardozo L, Fall M, et al. The standardization of terminology of lower
urinary tract function: report from the Standardization Sub-committee of the Inter-
national Continence Society. Am J Obstet Gynecol 2002;187:116-26.

Ghoniem G. Disorders of bladder compliance. In: Kursh ED, McGuire EJ, editors.
Female urology. Philadelphia: Lippincott; 1994. p. 83-92.

McGuire EJ, Woodside JR, Borden TA, et al. Prognostic value of urodynamic test-
ing in myelodysplastic patients. J Urol 1981;126:205-9.

Boone TB, Kim YH. Uroflowmetry. In: Nitti VW, editor. Practical urodynamics. Phil-
adelphia: Saunders; 1998. p. 28-37.

O’Donnell PD. Electromyography. In: Nitti VW, editor. Practical urodynamics. Phil-
adelphia: Saunders; 1998. p. 65-71.

Mahajan ST, Fitzgerald MP, Kenton K, et al. Concentric needle electrodes are su-
perior to perineal surface-patch electrodes for electromyographic documentation
of urethral sphincter relaxation during voiding. BJU Int 2006;97:117-20.
Brostrom S, Jennum P, Lose G. Motor evoked potentials from the striated urethral
sphincter and puborectal muscle: normative values. Neurourol Urodyn 2003;22:
306-13.

McGuire EJ, Cespedes RD, Cross CA, et al. Videourodynamic studies. Urol Clin
North Am 1996;23:309-21.

Griffiths D, Kondo A, Bauer S, et al. Dynamic testing. In: Abrams P, Cardozo L,
Khoury S, editors. Incontinence (3rd International Consultation on Incontinence).
Paris: Health Publications, Ltd; 2005. p. 585-674.

Fantl JA, Newman DK, Colling J, et al. Urinary incontinence in adults: acute and
chronic management. Clinical Practice Guideline No. 2. Rockville (MD): Agency
for Health Care Policy and Research; 1996. AHCPR publication no. 96-0682.
Harvey MA, Versi E. Predictive value of clinical evaluation of stress urinary incon-
tinence: a summary of the published literature. Int Urogynecol J Pelvic Floor Dys-
funct 2001;12:31-7.

551



552

Bradley et al

23. Cespedes RD, McGuire EJ. Leak point pressures. In: Nitti VW, editor. Practical
urodynamics. Philadelphia: Saunders; 1998. p. 94-107.

24. Weber AM, Walters MD. The cost-effectiveness of urodynamic testing before sur-
gery for women with pelvic organ prolapse and stress urinary incontinence. Am
J Obstet Gynecol 2000;183:1338-47.

25. Milsom |, Abrams P, Cardozo L, et al. How widespread are the symptoms of an
overactive bladder and how are they managed? A population-based prevalence
study. BJU Int 2001;87:760-6.

26. Colli E, Artibani W, Goka J, et al. Are urodynamic tests useful tools for the initial
conservative management of non-neurogenic urinary incontinence? A review of
the literature. Eur Urol 2003;43:63-9.



Radiologic Evaluation
of Pelvic Floor
Disorders

Celine Savoye-Collet, mp, pho®®*, Edith Koning, mp®®,

Jean-Nicolas Dacher, mp, php®P

KEYWORDS

e Pelvic floor disorders ® Defecography e Anal endosonography
* MR-defecography

Pelvic floor disorders refer to a group of clinical conditions that include pelvic organ
prolapse, urinary and fecal incontinence, chronic constipation, and pelvic pain. Vari-
ous imaging modalities are available, including ultrasound (US), MRI, and defecogra-
phy. Over the last decade there have been considerable advances in several imaging
techniques. High-resolution US and MRI not only provide superior depiction of the pel-
vic anatomy but also help to understand pathology and functional changes. MRI can
also be used for a multicompartmental dynamic assessment of the pelvic floor (dy-
namic MRI defecography) and for the analysis of the sphincters (static MRI). Because
MRI has enormous potential, it underscores the need for an integrated evaluation of
pelvic floor disorders that involves the radiologist and a multidisciplinary team.

This article focuses on defecography, anal US, and dynamic MRI by discussing nor-
mal and abnormal patterns and clinical use. Particular emphasis has been placed on
the gastroenterologist’s point of view.

DEFECOGRAPHY

Defecography (evacuation proctography) is a dynamic fluoroscopic examination
(Box 1). It began in 1964 with Burhenne’s' dynamic barium studies of the defecation
process. Defecography examines the dynamic changes of the perineum and the evac-
uation of the anorectum. This test is indicated in patients with constipation to identify
an outlet obstruction caused by either anatomic or functional disorder.2~* The proce-
dure requires rectal opacification. Additionally, small bowel opacification, or in women
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Box 1
Defecography in clinical practice

Defecography is contraindicated in young women during menstruation and pregnancy.

The exact procedure should be clearly explained to obtain full cooperation from the patient.
A quiet radiology suite is important, and the patient should be hidden from the view of the
technologist to provide privacy during the act of defecation.

When an enterocele is suspected, a barium meal is administered 1.5 hours before the examina-
tion. In women, vaginal opacification with barium is recommended before rectal opacification.
The latter is performed with a mixture of 150 to 200 mL of barium and a starchy component.

First, a lateral view is taken in the upright position to localize the bony landmarks and to check
the quality of the various opacifications (small bowel, vagina, and rectum). Next, the patient is
seated on a special commode for filming the dynamic process of defecation. Dynamic images
are performed at rest, during squeeze, and during straining.

The pubococcygeal line is drawn on the lateral view. Then, the distance between this line and
the anorectal junction is measured. The exact measurement of the anorectal angle is somewhat
controversial.

vaginal opacification, may be performed. If bladder dysfunction is suspected, a cys-
tography can be performed along with defecography in a one-session examination
(cystodefecography).5©

Normal Findings

Normal patterns have been described.”® At rest, the anorectal junction is located
above the ischium. During squeezing, the anorectal junction is elevated and located
less than 3.5 cm below the pubococcygeal line. During the defecation process, the
puborectalis muscle opens widely without anal or rectal prolapse and the anorectal
junction descends below the pubococcygeal line. A rectocele, less than 2.5 cm in
size, is inconsequential provided it empties completely at the end of defecation.

Pathology and Clinical Use

Defecography can reveal several structural abnormalities. The most frequent abnor-
mal findings are perineal descent at rest or during squeezing; rectocele (significant
if >3.5 cm in depth and with residual barium at the end of defecation); rectal prolapse;
paradoxical contraction of the puborectalis muscle (dyssynergia); enterocele; and sig-
moidocele (Figs. 1 and 2).%'° Interobserver agreement was shown to be good for the
diagnosis of rectocele and enterocele but inadequate for perineal descent.2™*"" Func-
tional findings are also important. For example, an incomplete and prolonged contrast
evacuation seems more specific of dyssynergia than an inappropriate puborectal
contraction.

Defecography is indicated when some of the aforementioned abnormalities are
clinically suspected, but not proved at clinical examination or in patients with an
unexplained anorectal disorder. Defecography can be useful in cases of dyschezia (in-
complete or difficult rectal emptying) when the patient did not respond to the first-line
treatment (Fig. 3). It can also be discussed in patients incontinent for solid stools
before surgery if a pelvic static disorder (eg, a rectal prolapse) is suspected. Finally,
it can be performed in patients with pelvic pain to rule out an enterocele. Rectocele
and severe rectal prolapse could lead to surgery. This test is especially important
when surgical treatment is being considered for a problem, such as rectal prolapse.'?
The association of an enterocele can modify the surgical option. The relevance of
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Fig.1. Defecography: dynamic image drawn from the evacuation film (A). Anterior rectocele
with residual barium storage (white arrow) associated with a paradoxical contraction of the
puborectal muscle (gray arrow) (B). Anterior rectocele (white arrow) associated with an en-
terocele (gray arrow).

defecography findings, however, remains controversial.? 3-8 In many instances, nor-
mal individuals show abnormal findings and hence the link between a clinical symptom
and an abnormal defecography finding is difficult to establish.®

ULTRASONOGRAPHY

With the advent of the newest transducer technology, US imaging is gaining a key role
in the understanding of pelvic floor disorders. The most commonly used technique is
endoanal US but endovaginal and transperineal US techniques are being developed
and represent potential new uses. Additionally, the use of three-dimensional software
may provide an accurate diagnosis of complex diseases.

Anal Endosonography

Anal endosonography is a technique specially adapted for the examination of anal
sphincters (Box 2). The main indication is the diagnosis of anal sphincter defect in

Fig. 2. Defecography: dynamic image drawn from the evacuation film. (A) Major enterocele
(arrow) (B). Small enterocele (gray arrow) associated with moderate rectal procidence
(white arrow).

555



556

Savoye-Collet et al

Investigation Indications Expected Findings

Difficult defecation/Dyschezia
unresponsive to initial treatment
Fecal incontinence (pre-op work up) Pelvic floor descent

Rectal prolapse Paradoxal puborectalis contraction
Rectocele Incomplete and prolonged contrast
Unexplained pelvic pain evacuation

especially when enterocele is suspected Poor Rectal Stripping

DEFECOGRAPHY

Internal rectal prolapse
Rectocele, enterocele, sigmoidocele

ANAL
ENDOSONOGRAPHY

Fecal incontinence
After sphincteroplasty
if anal incontinence persists

External and/or internal anal sphincter defect
Abnormality of external and/or internal anal
sphincter thickness

Postoperative status

MR DEFECOGRAPHY See defecography above See defecography above
+ +
Evaluate global pelvic Elytrocele

floor dysfunction Genito-urinary prolapse

Abnormalities of the levator ani muscle

STATIC MR

Fecal incontinence See anal endosonography above

After sphincteroplasty +

if anal incontinence persists Precise evaluation of external anal sphincter
atrophy

Fig. 3. Summary table for the main imaging tests with their indications and expected
findings.

the investigation of patients with fecal incontinence. Anal endosonography was first
developed in the 1990s at Saint Mark’s Hospital, London, UK.'” It is also useful in
the assessment of anal sepsis, anal cancer, and perineal pain.'®

Normal Findings

A good knowledge of the anatomy of anal sphincters and pelvic floor is required. From
the surface outward, several layers can be identified (Fig. 4). Mucosa and submucosa
usually appear hyperechoic. The 2- to 3-mm thick internal anal sphincter (IAS) is in
continuity with the circular muscular layer of the rectum. It is clearly delineated, homo-
geneously hypoechoic, and its thickness increases with age.'”"'®2! The hyperechoic
longitudinal muscle layer of rectum is difficult to distinguish from the hyperechoic
external anal sphincter (EAS).2° At its upper part, the EAS is in continuity with the

Box 2
Anal endosonography in clinical practice

A rectal enema is recommended a few hours before the examination. An US machine equipped
with an anorectal transducer (eg, Bruel and Kjaer) is required. The rigid cylindric transducer of-
fers 360-degree high-resolution image with a frequency ranging from 6 to 16 MHz.

The patient is placed in the supine (or left lateral) position throughout the examination. The
anal transducer is gently introduced and slowly withdrawn to obtain several images of the
anal canal and surroundings: at the upper part of the anal canal the puborectalis muscle is iden-
tified, then both the external anal sphincter and internal anal sphincter are visible. Finally at
the lower end, only the external anal sphincter is visible. The patient may be asked to contract
voluntarily during the examination. Location and size of abnormalities are based on quadrants
using a standard clock face, 12 o’clock being the anterior midline point. The external anal
sphincter and internal anal sphincter thickness is also assessed.
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MEDIAL LEVEL

Fig. 4. Anal endosonography. (A) The anal canal in the coronal plane showing the internal
(IAS) and external (EAS) anal sphincters. The three following different levels of anal endo-
sonography (B-D) are shown (dotted lines). (B) Upper level showing the “U-shaped” pubor-
ectal muscle (arrows). (C) Medial level showing both the EAS (superior arrow) and IAS
(inferior arrow). (D) Superficial level showing the EAS alone (arrow).

puborectalis muscle. It appears annular, thick, and symmetric in men and it is thinner
and anteriorly opened in women.® Its subcutaneous part is highly hyperechoic. Its
mean thickness is 6 to 8 mm.?2:23 Other elements can be identified: the “U-shaped”
puborectalis muscle, the hypoechoic anococcygeal ligament, the ischioanal fatty
spaces, the vagina, and the urethra.

Pathology and Clinical Use

Anal endosonography is commonly performed to identify an EAS or IAS defect that
may cause fecal incontinence. An IAS defect is diagnosed based on a segmental
loss of circumference and retraction of the torn ends (Fig. 5). An EAS defect is diag-
nosed based on a sharply delineated hypoechoic area that interrupts the normal
echostructure (see Fig. 5). Both IAS and EAS defects can be present. The anterior
part of the EAS in women needs to be analyzed carefully; it often appears thin and
slightly heterogeneous because of its muscular insertion (tendinous arch of the pelvis).
The anococcygeal ligament is responsible for a hypoechoic triangle, which should not
be misdiagnosed as a pathologic defect.?*
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A

Fig.5. Anal endosonography showing an anterior sphincter defect. (A) IAS defect with a pos-
terior retraction of both ends. (B) EAS defect.

Anal endosonography can detect sphincter defects with great accuracy.'®?® The
sensitivity and specificity of anal endosonography for the diagnosis of anal sphincter
defect is over 90%.2627 Obstetric trauma remains the main cause of sphincter disrup-
tion and represents a major health problem.?® Anorectal trauma is a consequence of
surgery for fistula in ano, hemorrhoids, or anal fissure. In these iatrogenic situations,
the location of the defect correlates well with the surgical procedure.

Anal endosonography is clinically useful in patients with fecal incontinence when an
anal sphincter disruption is suspected (see Fig. 3). Therapy can be directed based on
US findings, such as the type (external or internal) and the size of the defect often
expressed in degrees or percentage of the anal circumference. EAS defects that
occupy less than 120 degrees of the anal circumference can be surgically corrected
by overlapping sphincter repair.2® Anal endosonography can also be performed after
a sphincteroplasty to assess the morphology of the EAS and to correlate surgery with
the functional results.®%3" In patients with surgical repair of the EAS, the outcome was
more favorable when there was evidence that the sphincter ends were overlapping.®©
Anal endosonography can accurately demonstrate abnormal IAS thickness because
the borders of this smooth muscle are sharply limited.®? In contrast, EAS atrophy
is more difficult to identify by means of two-dimensional anal endosonography.
Recently, three-dimensional anal endosonography has been described and seems
promising.32:33
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Endovaginal and Transperineal Ultrasonography

Pelvic floor dysfunction in women may occur secondary to morphologic and anatomic
changes of the urogenital organs and these can be identified by perineal and
transvaginal US.34 US as part of the diagnostic work-up of stress urinary incontinence
and urinary prolapse allows morphologic and dynamic assessment of the lower uri-
nary tract. Anal sphincters can be analyzed by both approaches.3*%®

Transperineal US, also called “translabial” or “introital” US, allows assessment of
the bladder neck and urethral motility using a 5- to 7-MHz transducer.®® For this
test, the bladder should be full. The patient lies on her back and the probe is placed
between the labia and gentle pressure is applied to the introitus and the external ure-
thral orifice. The transducer axis corresponds to the body axis. The patient is asked to
perform certain maneuvers (coughing and contraction of pelvic floor muscles) to eval-
uate the changes in position of the urethra and bladder.

Transvaginal US is a well-established procedure in gynecologic practice and can be
useful. Here with the patient lying on her back, the transducer is gently applied to the
dorsal vaginal wall. It provides very detailed information about the pelvic floor and in
particular the area surrounding the urethral sphincter complex.

The aforementioned approaches are under clinical evaluation. There are no evi-
dence-based data for their clinical use in patients with stress urinary incontinence
or urinary prolapse.

DYNAMIC MRI DEFECOGRAPHY

In the assessment of pelvic floor disorders, MRI seems to be an innovative technique
that does not expose the patient to ionizing radiation. Dynamic assessment of the
pelvic floor is similar to defecography, but MRI overcomes some of the limitations
of a radiograph examination. It can be performed either with a standard MRI machine
or an open device that allows assessment of the subject in a seated position.3~4° MRI
defecography using a conventional MRl machine is a safe alternative for the diagnosis
of clinically relevant abnormalities.*’ Real-time dynamic sequences are performed
(dynamic MRI) for the analysis of the three compartments of the pelvis. A study of
the rectal evacuation is also possible (MRI defecography) (Box 3).

MRI Normal Findings

All three compartments of the pelvis can be analyzed by dynamic MRI within one ses-
sion. At rest, the anterior pelvic organs lie above that line. During straining, they are
displaced posteriorly, but remain above the pubococcygeal line. The anorectal
changes are similar to those observed with standard defecography. The muscles
are directly visualized, however, especially the levator ani and its iliococcygeal and
puborectalis portions (Fig. 8).

Pathology and Clinical Use

Several anomalies can be described by MRI (Fig. 9).4? At the genitourinary level,
various associations of prolapse can be identified. Two lines (pubococcygeal and
pubohymenal) have to be drawn to differentiate between the normal and the prolapsed
position of organs. Several classifications can be used similar to those used in prac-
tice. Regarding the posterior compartment, MRI findings can be grossly compared
with those of standard defecography. MRI, however, provides additional information
regarding the fatty spaces and muscles. Elytrocele or an abnormality of the levator
ani muscle is easily identified by MRI. The analysis of the anorectal mucosa and the
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Box 3
MRI defecography in clinical practice

First, one should check that there are no contraindications for the MRI test. An evacuating en-
ema is recommended before the examination.

The cooperation and comfort of the subject is essential for a successful dynamic MRI examina-
tion. The patient receives instructions regarding the different maneuvers (rest, squeezing,
straining). The bladder should not be emptied and may require further filling. A cloth is placed
under the patient’s buttocks to protect them on the MRI bed. In women, hydric sterile paste
(eg, US jelly) is introduced into the vagina. The rectum is distended by 100 to 200 mL of hydric
paste.

Two types of sequences are recorded by a pelvic coil. First, three-axis conventional T2-weighted
sequences with a high spatial resolution are performed to assess morphologic changes. Second
dynamic sagittal T2-weighted sequences are performed during maneuvers at rest, squeezing,
and mild and maximum straining. Finally, a dynamic study of the rectal evacuation is performed
using for example fast gradient-echo sequences with an image every 2 seconds. Images are re-
constructed in real time and the patient is instructed and encouraged to expel the rectal con-
tents (Fig. 6).

If necessary, the subject is asked to empty their bladder and rectum in a toilet and additional
dynamic images are obtained during repeat straining maneuvers to enhance detection of other
abnormalities. The total examination time is 20 to 25 minutes. Special marks are placed on im-
ages (eg, the inferior pubococcygeal and pubohymeneal lines) to enhance the understanding
between the structural and functional changes of the pelvic floor (Fig. 7).

diagnosis of internal mucosal prolapse, however, remain a challenge. Caution is
required when reporting, because an obvious prolapse can hide another one.

MRI can reveal the relative position of various pelvic organs during different
maneuvers; the type and degree of anterior, medial, or posterior prolapse; and the
morphology of the levator ani muscle. It also indicates the presence of an incidental
lesion involving the uterus, ovaries, or digestive tract.*> MRl is clinically relevant in
patients who complain of dyschezia and do not respond to first-line treatment, or pre-
operatively when a pelvic static disorder is suspected (see Fig. 3). In patients suffering
from fecal incontinence, MRI defecography has been shown to alter the surgical
approach in 67% of cases.*° Another indication of MRI is the global assessment of
pelvic floor after urogenital surgery when new symptoms appear. MRI findings should
be matched with the patient’s symptoms and other clinical information to optimize
treatment.

MRI of the pelvic floor is promising for several conditions, such as estimating the
rectal mechanical properties, and these can be correlated with barostat findings
and the anatomy of extrarectal structures.*3

Static MRI

Another contribution of MRI in assessing pelvic floor disorders is the analysis of anal
sphincters and their surrounding structures, especially in the clinical context of fecal
incontinence.** Endoanal MRI technique permits multiplanar analysis and may pro-
vide high contrast, high spatial resolution imaging.*® A disposable endoanal coil is
well tolerated by most patients. After it is introduced, both axial T2-weighted fast
spin echo and T1-weighted spin echo sequences are performed. An external
phased-array coil, if used, prevents interference with physiology, but spatial resolution
can deteriorate.*® The IAS is visible on axial T2-weighted images as a sharply defined
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Fig. 6. Dynamic MRI defecography. Four dynamic consecutive images taken in the same
woman during rectal evacuation: (7) squeeze, (2) anal sphincter opening, (3 and 4) rectal
emptying.

hypersignal ring, whereas the EAS appears as a relatively hyposignal ring. Sphincter
defects are defined by a disruption of the sphincter ring and scar tissue appears as
a hyposignal deformation. EAS atrophy appears as global thinning or fatty
replacement.?’

There is lack of consensus as to whether endoanal MRI or US is superior for imaging
the anal sphincter. In most studies, the yield of both techniques is comparable in
detecting sphincter disruption. In others, MRI was less effective in showing IAS
defects.*® In contrast, endoanal MRI permits better identification of EAS atro-
phy.274748 Some authors believe that EAS atrophy could negatively affect continence
after anterior anal sphincter repair.2”4%
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3oAR

Fig. 7. Dynamic MRI defecography. Spontaneous visualization of bladder and small bowel.
Vagina and rectum were opacified by hydric contrast. Sagittal view showing the pubococcy-
geal and pubohymeneal lines.

In women with chronic perineal pain, MRI can be used to identify pelvic venous
dilatation. Such a diagnosis requires gadolinium-enhanced sequences. MRI can
also be used for the detection of problems with sacral nerve roots by performing lum-
bosacral oriented sequences.

INTERVENTIONAL CT

CT is not commonly used for the diagnosis of pelvic floor disorders. This is related to
the lack of contrast resolution of CT when compared with US or MRI. Moreover, CT
examination exposes the patient to radiation. CT can provide useful information in

PUBORECTAL " ILIO-COCCYGEAL
CEl ™ o ¥ [

)

Fig. 8. Dynamic MRI defecography. Axial view showing the puborectal muscle (arrow) (left)
and coronal view showing the iliococcygeal muscle (arrow) (right).
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Fig. 9. Dynamic MRI defecography. (A) Sagittal view at the beginning (/eft) and at the end
(right) of the evacuation showing the progressive appearance of an elytrocele (peritoneal
pouch into the rectovaginal space) (arrows). (B) Sagittal view before (left) and after (right)
the evacuation showing the association of urinary bladder and rectal prolapse (arrows).

certain situations, however, such as identifying the Alcock’s canal to infiltrate the pu-
dendal nerve (Fig. 10).#° CT can also be used for sacral nerve stimulation in patients
with refractory voiding disorders, such as urinary urge incontinence and fecal inconti-
nence. For this procedure, an electrode is implanted in the third sacral vertebra and
attached to an implantable pulse generator.5° The exact position of the device can
be checked by CT. The implantation of the sacral electrode can also be performed un-
der CT guidance.®"

SUMMARY

Several modalities are available for imaging the pelvic floor, and the choice between
these techniques is determined by the availability of equipment and local expertise.

Medical portal MedWedi.ru
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Fig.10. Interventional CT. Visualization of the proper positioning of two needles before in-
filtration of the Alcock’s canals.

Either endoanal US or MRI can be used for the detection of anal sphincter defects in
patients with fecal incontinence. Endoanal US is an ideal screening test and is widely
available. MRl offers additional advantages, such as the diagnosis of EAS atrophy. Al-
though defecography provides valuable morphologic and functional information in
constipated patients, MRI defecography permits a dynamic global approach for the
assessment of pelvic floor structure and function. The lack of radiation exposure is
an advantage. oreover, the pelvic floor muscles and the urogenital compartments
can be clearly visualized in a single examination. It is now well recognized that pelvic
floor disorders rarely occur in isolation and information regarding global pelvic floor
structure and function is desirable.

Regarding US and MR, technical improvements continue to provide high-resolution
three-dimensional images. It is likely that radiologists will face an increasing demand
for these examinations, because of the ageing population in western countries.5? A
more precise and global assessment of the morphology and function will improve de-
cision making and outcome of patients with pelvic floor disorders.
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Dyssynergic
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Neuromuscular dysfunction of the defecation unit can lead to disordered or difficult
defecation. Likewise, neuromuscular dysfunction of the colon may lead to slow transit
constipation. In many patients there is an overlap, because colonic transit is delayed
in two thirds of patients with difficult defecation.’? Preston and Lennard-Jones?® first
described the association of paradoxical anal contraction during attempted defeca-
tion in patients with constipation and coined the term “anismus.” They believed that
this condition was a spastic dysfunction of the anus, analogous to “vaginismus.”
The term “anismus” implies a psychogenic etiology, however, which is not true al-
though psychologic dysfunction has been described in these patients. In the literature,
a number of terms have been used to describe the constipation that is associated with
anorectal dysfunction, which includes anismus,? pelvic floor dyssynergia,* obstructive
defecation,-® paradoxical puborectalis contraction,® pelvic outlet obstruction,”-® and
spastic pelvic floor syndrome.® Pelvic floor is a complex muscular apparatus that
serves three important functions: (1) defecation, (2) micturition, and (3) sexual function.
All-encompassing terms, such as “pelvic floor dyssynergia” or “pelvic outlet obstruc-
tion,” imply that this problem affects most of the pelvic floor, and possibly all of its
functions. Although, some overlap has been described among patients with urinary
obstruction and constipation,’® most constipated patients do not report sexual or
urinary symptoms.’" Consequently, it misrepresents a functional disorder. Hence,
these terms are not suitable. A consensus report from an international group of
experts has recommended that the term “dyssynergic defecation” most aptly
describes this form of constipation.'?

EPIDEMIOLOGY

The prevalence of chronic constipation varies from 2% to 28%."2 It is commonly en-
countered in primary care. Telephone interviews with 10,018 individuals, aged at least
18 years, produced an estimated prevalence of 14.7%."* In a questionnaire survey of
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5430 households across the United States, functional constipation was reported by
3.6% of responders and difficult defecation by 13.8%.'® Because most patients do
not seek health care, its prevalence has been underestimated.’®

Constipation is more common in women with an estimated female/male ratio of
2.2:1.158 |ts prevalence increases with advancing age, particularly after age 65,
with the elderly reporting more problems with straining and hard stools than infre-
quency.'® Its prevalence is twofold higher in African Americans;'® in those of lower
socioeconomic status (annual income <$20,000);'® and in nursing home residents.'®
Pregnancy is also associated with higher prevalence of constipation, but no differ-
ences were seen between the first and the last trimester.'”

Economic and Social Impact

Chronic constipation has a significant impact on the use of health care resources,
including the cost of inpatient and outpatient care, laboratory tests, and diagnostic
procedures.® In a recent study of 76,854 patients enrolled in Medical program, the
total health care expenditure for patients with constipation over a 15-month period
was $18,891,008, with an average cost of $246 per patient.’® Approximately 0.6%
of patients were hospitalized with an average cost of $2993 per admission.® In
another study, expenditure for constipation was estimated at $235 million per year
with 55% incurred from inpatient, 23% from emergency department, and 22% from
outpatient care.?°

Psychologic Distress, Abuse, and Impact on Quality of Life

Constipation is associated with increased psychologic distress. Several studies have
shown higher prevalence for anxiety, depression, obsessive compulsiveness, psycho-
ticism, and somatization.?"22 Furthermore, paranoid ideation and hostility subscores
were higher in patients with dyssynergia than slow transit constipation or healthy con-
trols, providing evidence for significant psychologic distress, more so in dyssynergics
than slow transit constipation patients.??

Sexual abuse was reported by 22% to 48% of subjects, mostly women, whereas
physical abuse was reported by 31% to 74% of constipated subjects.'’?®> Another
study found greater incidence of sexual abuse in women with pelvic floor dyssyner-
gia.?® Also, patients with abuse were more likely to seek health care and report
feelings of incomplete evacuation or urge to defecate, but did not demonstrate rectal
hypersensitivity.?*

Patients with chronic constipation also showed significant impairment of health-
related quality of life (Fig. 1).222%> Some domains were more affected in dyssynergics
than slow transit constipation,?® suggesting that dyssynergia is associated with
greater impact on quality of life. Also, psychologic distress and lower quality of life
were strongly correlated suggesting that these dysfunctions have synergistic effects
on bowel function.??

ETIOLOGY AND PATHOPHYSIOLOGY
Origin

How, when, and why an individual develops dyssynergic defecation is unclear. The
authors’ prospective survey of 100 patients with dyssynergic suggested that the prob-
lem began during childhood in 31% of patients; after a particular event, such as preg-
nancy, trauma, or back injury in 29% of patients; and no identifiable precipitating
cause in 40% of patients.”’ Two thirds acquire this condition during adulthood. In
this group, 17% reported a history of sexual abuse, 43% the passage of hard stools
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Fig. 1. Impact of chronic constipation on quality of life in patients with dyssynergic defeca-
tion, slow transit constipation, and healthy controls. (From Rao SS, Seaton K, Miller MJ, et al.
Psychological profiles and quality of life differ between patients with dyssynergia and those
with slow transit constipation. J Psychosom Res 2007;63:441-9; with permission.)

frequently, and 16% intermittently. Excessive straining to expel hard stools over time
may also lead to dyssynergic defecation.

Pathophysiology

Earlier studies suggested that paradoxical anal contraction or involuntary anal spasm
(anismus) during defecation may cause this problem.® Consequently, myectomy of the
anal sphincter was performed,® but only 10% to 30% of patients improved.?® Like-
wise, paralyzing the anal sphincter muscle with botulinum toxin injections produced
minimal improvement.?” Either spasm or inability to relax the external anal sphincter
is unlikely to be the sole mechanism that leads to dyssynergic defecation.

A prospective study' showed that most patients with dyssynergic defecation dem-
onstrate the inability to coordinate the abdominal, rectoanal, and pelvic floor muscles
to facilitate defecation. This failure of rectoanal coordination consists of impaired
rectal contraction (61%); paradoxical anal contraction (78%); or inadequate anal relax-
ation. Incoordination or dyssynergia of the muscles that are involved in defecation is
primarily responsible for this condition. In addition, 50% to 60% of patients also
demonstrate an impaired rectal sensation.’

CLINICAL FEATURES

Patients with dyssynergic defecation present with a variety of bowel symptoms. Often,
patients do not volunteer or misrepresent their symptoms. For example, patients do
not readily admit that they use digital maneuvers to disimpact stool or splint their
vagina to facilitate defecation. By establishing a trustworthy relationship or through
the help of symptom questionnaires or stool diaries, it may be possible to identify
the precise nature of their bowel dysfunction. It is essential to determine this because
only then can one approach this problem more rationally. In a prospective study,
excessive straining was reported by 85%, a feeling of incomplete evacuation by
75%, the passage of hard stools by 65%, and a stool frequency of less than three
bowel movements per week by 62% of patients.’ In addition, 66% of patients
used digital maneuvers to facilitate defecation. In another study of 134 patients, two
or fewer stools per week, laxative dependence, and constipation since childhood
was associated with slow transit constipation, whereas backache, heartburn,
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anorectal surgery, and a lower prevalence of normal stool frequency was reported by
patients with pelvic floor dysfunction.?® They concluded that symptoms are good
predictors of transit time but poor predictors of pelvic floor dysfunction. A study of
190 constipated patients showed that stool frequency alone was of little value in
constipation.?® In contrast, a sense of obstruction or digital evacuation was specific
but not sensitive for disordered dysfunction. They also concluded that symptoms
alone cannot differentiate between the pathophysiologic subgroups that lead to
constipation.?®

Differential diagnosis includes many structural or functional abnormalities that may
also lead to an evacuation disorder, such as rectocele, hypertensive anal sphincter,
hemorrhoids, anal fissure, anorectal neoplasia, rectal prolapse, and proctitis. These
conditions can be readily identified through appropriate testing. In contrast, functional
evacuation disorders are less well recognized and poorly managed. These include
dyssynergic defecation, excessive perineal descent, and mucosal intussusception.
Also, paradoxical anal contraction has been described in patients after pouch
reconstruction.3® Many patients with the solitary rectal ulcer syndrome also exhibit
dyssynergic defecation.3'

Patients with defecation disorders have several psychologic abnormalities.?? This
includes such problems as obsessive-compulsive disorder, where the patient believes
that having a bowel movement everyday or sometimes several times per day are the
norm. A deviation from this process compels the individual to use laxatives, enemas,
suppositories, or any other means to achieve an unphysiologic pattern of bowel move-
ment. Others have phobia for stool impaction. This particularly affects children, who
then learn quickly to exploit minor disturbance in defecation for seeking attention.3?
The problem may also be driven by psychosocial issues, such as interparental or
parental-child conflicts or sibling rivalry. It has been shown that parental disattach-
ment during childhood can lead to bowel dysfunction in adult life.3® Finally, patients
with bulimia or anorexia nervosa and others with a history of physical or sexual abuse
may also develop profound defecation problems.3*

DIAGNOSTIC PROCEDURES
General Issues

The first step in making a diagnosis of dyssynergic defecation is to exclude an under-
lying metabolic or pathologic disorder. Slow transit constipation may coexist with
dyssynergic defecation,’3® and hence an assessment of colonic motor function and
transit is useful. An evaluation of the distal colonic mucosa through flexible sigmoid-
oscopy may provide evidence for chronic laxative use and may reveal melanosis
coli or other mucosal lesions, such as solitary ulcer syndrome, inflammation, or
malignancy.

Digital Rectal Examination

A careful perianal and digital rectal examination is not only important but often the
most revealing part of clinical evaluation. Anorectal inspection can detect skin exco-
riation, skin tags, anal fissures, or hemorrhoids. Assessment of perineal sensation and
anocutaneous reflex by gently stroking the perianal skin with a cotton bud or blunt
needle in all four quadrants elicits reflex contraction of the external anal sphincter. If
this is absent, a neuropathy should be suspected. Digital rectal examination may
reveal a stricture, spasm, tenderness, mass, blood, or stool. If stool is present, its
consistency should be noted and the patient should be asked if they were aware
of its presence. A lack of awareness of stool in the rectum may suggest rectal
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hyposensitivity. It is useful to assess the resting and squeeze tone of the anal sphincter
and puborectalis muscle by asking the subject to squeeze. More importantly, the sub-
ject should be asked to push and bear down as if to defecate. During this maneuver,
the examiner should perceive relaxation of the external anal sphincter or the puborec-
talis muscle, together with perineal descent. A hand placed on the abdomen can
gauge the abdominal push effort. An absence of these normal findings should raise
the index of suspicion for an evacuation disorder, such as dyssynergic defecation.®®
Digital rectal examination has a high sensitivity for identifying dyssynergia.3® Even
though digital rectal examination is a useful clinical tool, there is a lack of knowledge
on how to perform a comprehensive evaluation. A survey of 256 final year medical
students revealed that 17% had never performed a digital rectal examination and
48% were unsure of giving an opinion based on their findings.®” A concerted effort
is needed to improve the training of digital rectal examination.

Anorectal Manometry

This test provides a comprehensive assessment of pressure activity in the rectum and
anal sphincter region together with an assessment of rectal sensation, rectoanal
reflexes, and rectal compliance.83%40 Anorectal manometry is essential for a diagno-
sis of dyssynergic defecation.®84° First, it excludes the possibility of Hirschsprung’s
disease. Normally, when a balloon is distended in the rectum there is reflex relaxation
of the internal anal sphincter that is mediated by the myenteric plexus. This reflex
response is absent in patients with Hirschsprung’s disease. Second, it helps to detect
abnormalities during attempted defecation. Normally, when a subject bears down or
attempts to defecate, there is a rise in rectal pressure, which is synchronized with
a relaxation of the external anal sphincter (Fig. 2). This maneuver is under voluntary
control and is primarily a learned response. The inability to perform this coordinated
movement represents the chief pathophysiologic abnormality in patients with dyssy-
nergic defecation. This may either be caused by impaired rectal contraction, paradox-
ical anal contraction, impaired anal relaxation, or a combination of these mechanisms.
Based on these features at least four types of dyssynergia can be recognized
(see Fig. 2).

Type 1: Here, the patient can generate an adequate pushing force (rise in intra-
abdominal pressure) along with a paradoxical increase in anal sphincter pressure.

Type 2: Here, the patient is unable to generate an adequate pushing force (no
increase in intrarectal pressure) but can exhibit a paradoxical anal contraction.

Type 3: Here, the patient can generate an adequate pushing force (increase in intra-
rectal pressure) but either has absent or incomplete (<20%) sphincter relaxation
(ie, no decrease in anal sphincter pressure).

Type 4: The patient is unable to generate an adequate pushing force and demon-
strates an absent or incomplete anal sphincter relaxation.

In addition to the motor abnormalities described previously, sensory dysfunction
may also be present. Both the first sensation and the threshold for a desire to defecate
may be higher in about 60% of patients with dyssynergic defecation.’-® This may also
be associated with increased rectal compliance. It must be noted that during attemp-
ted defecation some subjects may not produce a normal relaxation largely because of
the laboratory conditions.***2 Hence, this pattern alone should not be considered
diagnostic of dyssynergic defecation (see diagnostic criteria later).

By observing the attempts to defecate, it is possible to identify the recording that
most closely resembles a normal pattern of defecation. This recording can then be
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Manometric Patterns: Attempted Defecation
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Fig. 2. This series reveals manometric patterns that are commonly seen during attempted
defecation in a normal healthy individual (central panel) and in patients with dyssynergic
defecation. They were obtained after placing a multisensor solid-state manometry catheter
into the rectum: changes from a single sensor in the rectum and one from the anal canal are
shown. In the center panel, it can be seen that the subject can generate a good pushing
force (increase in intrarectal pressure) and simultaneously relax the anal sphincter. This is
a normal pattern of defecation. In contrast, patients with dyssynergic defecation exhibit
one of four abnormal patterns of defecation. In type | dyssynergia, the subject can generate
an adequate propulsive force (rise in intrarectal pressure >40 mm Hg) along with paradox-
ical increase in anal sphincter pressure. In type Il dyssynergia, the subject is unable to
generate an adequate propulsive force; additionally there is paradoxical anal contraction.
In type Il dyssynergia, the subject can generate an adequate propulsive force but there is
either absent relaxation (a flat line) or incomplete (<20%) relaxation of anal sphincter. In
type IV dyssynergia, the subject is unable to generate an adequate propulsive force together
with an absent or incomplete relaxation of anal sphincter.

used to measure the intrarectal pressure, the anal residual pressure, and the percent-
age of anal relaxation. The residual anal pressure is defined as the difference between
the baseline pressure and the lowest (residual) pressure within the anal canal when the
subject is bearing down."*® The percent of anal relaxation is calculated using the
formula, percent anal relaxation = anal relaxation pressure/anal resting pressure x
100. From these measurements it is possible to derive an index of the forces required
to perform defecation (the defecation index). The defecation index may serve as a sim-
ple and useful quantitative measure of the rectoanal coordination during defecation.3®

Balloon Expulsion Test

In this test, either a silicone-filled stool-like device, such as the fecom,*® or a 4-cm-
long balloon filled with 50 mL of warm water is placed in the rectum.3%43 A stop watch
is started and the attendant leaves the room to provide privacy for the patient during
balloon expulsion. The patient is then asked to expel the device and to stop the clock.
Most normal subjects can expel a stool-like device within 1 minute, failing which
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dyssynergic defecation should be suspected. Although quite specific for dyssynergia,
its sensitivity is approximately 50%.

Defecography

Defecography is commonly performed by placing approximately 150 mL of barium
paste into the patient’s rectum. The patient is asked to sit on a special commode
adjacent to a videofluoroscopic imaging system. The patient is instructed to squeeze
or to evacuate the barium, and simultaneously the structural and functional changes of
the anorectum are monitored by fluoroscopy and recorded on a videotape. This test
provides useful information about anatomic and functional changes. In patients with
dyssynergic defecation, the test may reveal poor activation of levator muscles, pro-
longed retention of contrast material or inability to expel the barium, or the absence
of a stripping wave in the rectum.

Patients often, however, find this test embarrassing. Also, the type and consistency
of barium paste varies considerably among different centers.** Because of these
inherent deficiencies, this test should be regarded as an adjunct to clinical and
manometric assessment of anorectal function and should not be relied on as a sole
test for assessing an evacuation disorder.**

Diagnostic Criteria for Dyssynergic Defecation

Most published studies have used arbitrary or symptomatic diagnostic criteria. For
example, paradoxical anal contraction has been considered to be a sine qua non
for dyssynergic defecation. One study reported during attempted defecation, how-
ever, that five patients showed either no change in the anal resting pressure or an
insignificant (<20%) decrease;" all of these patients failed to expel a balloon and
also had greater than 50% retention of barium material during defecography.
Similarly, two other patients were able to expel the balloon but had paradoxical
anal contraction. Others have found that paradoxical anal contraction or insufficient
(<20%) decrease in anal electromyographic (EMG) activity, colonic transit, and defe-
cographic abnormalities were not exclusively seen in patients with difficult defeca-
tion and none of the three tests showed significant differences in the prevalence
of anismus between patients with or without slow transit constipation.® Similarly,
about two thirds of patients with constipation had objective evidence of delayed
transit or pelvic floor dysfunction and no single test could reliably identify any of
the pathophysiologic groups of constipation.*® Because a given patient may exhibit
some but not all of the aforementioned dysfunctions, it is important to use more than
one yardstick to diagnose this condition. In a prospective study, the presence of
constipation symptoms together with dyssynergic pattern of defecation and at least
one additional abnormal test (eg, prolonged balloon expulsion time, prolonged
colonic transit, or excessive barium retention with defecography) had a high diag-
nostic yield of identifying dyssynergic defecation.*” To diagnose this condition, it
has been proposed that a patient must satisfy both the symptomatic and the phys-
iologic criteria set forth in Box 1.8

TREATMENT

The treatment of a patient with dyssynergic defecation consists of (1) standard treat-
ment for constipation; (2) specific treatment (ie, neuromuscular training or biofeedback
therapy); and (3) other measures including, botulinum toxin injection, myectomy, or
ileostomy.
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Box 1
Criteria for dyssynergic defecation

A. Patients must satisfy the diagnostic criteria for functional chronic constipation (Rome Ill) and
B. Patients must demonstrate dyssynergia during repeated attempts to defecate

Dyssynergic or obstructive pattern of defecation (types 1-4) is defined as paradoxical
increase in anal sphincter pressure (anal contraction) or less than 20% relaxation of the
resting anal sphincter pressure or inadequate propulsive forces observed with manometry,
imaging, or EMG recordings and

C. One or more of the following criteria during repeated attempts to defecate

1. Inability to expel an artificial stool (50 mL water-filled balloon) within 1 minute

2. Aprolonged colonic transit time (ie, greater than five markers [>20% marker retention])
on a plain abdominal radiograph taken 120 hours after ingestion of one sitzmark
capsule containing 24 radiopaque markers

3. Inability to evacuate or greater than or equal to 50% retention of barium during
defecography

Modified from Rao SSC, Mudipalli RS, Stessman M, et al. Investigation of the utility of colorectal
function tests and Rome Il criteria in dyssynergic defecation (anismus). Neurogastroenterol
Motil 2004;16:589-96; with permission.

Standard Treatment

This should consist of a detailed assessment and correction of coexisting issues, such
as avoiding constipating medications, increasing fiber and fluid intake, and exercise
activity. In a recent study, dietary instructions had little impact on fiber or nutrient
intake in patients with dyssynergia, but about a third of patients were consuming
a low-fiber diet, and in this group their fiber intake increased.*® In addition, patients
should receive instructions regarding timed toilet training and laxatives. Timed toilet
training consists of educating the patient to attempt a bowel movement at least twice
a day, usually 30 minutes after meals and to strain for no more than 5 minutes. During
attempted defecation, they must be instructed to push at a level of 5 to 7, assuming
level 10 as their maximum effort of straining. They should be encouraged to capitalize
on intrinsic physiologic mechanisms that stimulate the colon, such as after waking®®%'
and after a meal.®" It is important to emphasize that stool impaction should be pre-
vented at all costs. Patients should be advised to refrain from manual maneuvers,
such as digital disimpaction of stools.

Fiber supplements

Organic polymers, such as bran or psyllium, have the ability to hold extra water and
often resist digestion and absorption in the upper gut. There is no evidence that
constipated patients in general consume less fiber than nonconstipated patients,
however, and studies show similar levels of fiber intake.*®®2 Furthermore, constipated
patients with slow transit or pelvic floor dysfunction respond poorly to dietary supple-
mentation with 30 g of fiber per day, whereas those without an underlying motility
disorder improved.5® A fiber intake of 20 to 30 g per day is optimal. Recently, both
the American College of Gastroenterology task force®* and a systematic review®®
concluded that psyllium, a natural fiber supplement, increases stool frequency and
gave this compound a grade B recommendation, but there were insufficient data to
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make a recommendation for the synthetic polysaccharide methylcellulose, or calcium
polycarbophil or bran in patients with constipation.

Pharmacologic Approaches

In one report, $821 million was spent on over-the-counter laxatives in the United
States.%® Several types of laxatives are available.

Stool softeners

Sodium and calcium docusate compounds (Colace, Surfak) are anionic surfactants
that lower the surface tension of stool and facilitate the mixing of aqueous and fatty
substances and also stimulate intestinal fluid secretion. There are four randomized
controlled trials that have compared stool softeners with either placebo or other
laxatives. The sample sizes were small and the data were conflicting.5® Consequently,
these compounds were afforded a grade B recommendation.5#5°

Stimulant laxatives
This group consists of anthraquinones (senna, casacara sagrada, danthron, and
casanthronol); diphenylmethane derivatives (bisacodyl, sodium picosulphate); and
ricinoleic acid (castor oil). Stimulant laxatives affect electrolyte transport across the
intestinal mucosa and enhance colonic transport and motility, and usually work within
several hours of administration.

Their long-term safety has not been established. Four randomized controlled trials
were identified but none of them were placebo-controlled, the study design was of low
quality, and hence a grade B recommendation was given.®

Osmotic laxatives

Osmotic laxatives include saline laxatives (salts of magnesium, phosphate, and
sulfate); poorly absorbed synthetic disaccharides, such as lactulose; sugar alcohols,
such as sorbitol or mannitol; and an inert polymer, polyethylene glycol (PEG-3350
[Miralax; Braintree Labs, Braintree, Massachusetts]). This group includes ions or mol-
ecules that are not well absorbed by the intestine and require retention of water by the
intestinal lumen to maintain osmotic balance with plasma.

PEG-3350 is a large polymer that is poorly absorbed, is metabolically inert, and is
not degraded by bacteria. It has been widely used as lavage solution in preparation
for colonoscopy. There are at least eight placebo-controlled randomized control trials
of PEG compounds and two randomized control trials comparing PEG with lactulose.
PEG was superior to placebo in increasing stool frequency and stool consistency.%®
A recent study reported relief of constipation in 52% of patients on PEG-3350 versus
11% of patients on placebo.®”

Chloride channel activators

Chloride channels are located in the apical and serosal membranes of the enterocyte
and they facilitate chloride transport.5® There are four subtypes.®® Lubiprostone
(Amitiza, Takeda Pharmaceuticals, Chicago, lllinois) is a gastrointestinal-targeted bicy-
clic fatty acid that selectively activates type 2 chloride channels. In a randomized con-
trolled trial involving 237 patients, lubiprostone, 24 g twice daily for 28 days, was more
effective than placebo in increasing the number of spontaneous bowel movements, de-
creasing straining, improving stool consistency, and relieving symptoms of chronic
constipation.®® Long-term studies show that the compound is efficacious and safe.®’

Miscellaneous and emerging therapies
Colchicine, a plant alkaloid used to treat gout and misoprostol, a prostaglandin ana-
logue used to treat peptic disorders, induce diarrhea as a side effect. Consequently,
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they have been tried in patients with chronic constipation.®2¢® Another compound,
linaclotide, a guanylate cyclase agonist, has been shown to accelerate gut transit in
healthy subjects and in female patients with constipation-predominant irritable bowel
syndrome.%*

Specific Treatment

Biofeedback therapy

The goal of neuromuscular training using biofeedback techniques is to restore
a normal pattern of defecation. Neuromuscular training or biofeedback therapy is an
instrument-based learning process that is based on “operant conditioning” tech-
niques. The governing principal is that when any behavior, be it a complex maneuver,
such as eating, or a simple task, such as muscle contraction, is reinforced its likelihood
of being repeated and perfected increases several fold. In patients with dyssynergic
defecation, the goal of neuromuscular training is twofold:2566 to correct the dyssy-
nergia in coordination of the abdominal, rectal, and anal sphincter muscles to achieve
a normal and complete evacuation (Fig. 3); and to enhance rectal sensory perception
in patients with impaired rectal sensation.

Improve or correct dyssynergia This training consists of improving the abdominal push
effort (diaphragmatic muscle training) together with manometric-guided pelvic floor
relaxation followed by simulated defecation training. An outline of the protocol used
at lowa for biofeedback training is shown in Box 2.

Rectoanal coordination The purpose of this training is to produce a coordinated def-
ecatory movement that consists of an adequate abdominal push effort as reflected by
arise in intrarectal pressure on the manometric tracing that is synchronized with relax-
ation of the pelvic floor and anal canal as depicted by a decrease in anal sphincter
pressure (see Fig. 3). To facilitate this training, ideally the subject should be seated
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Fig. 3. The rectal and anal pressure changes and manometric patterns in a patient with
constipation and dyssynergic defecation, before and after biofeedback therapy.
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Box 2
Biofeedback therapy for constipation: lowa protocol

e Phase I: evaluation and enroliment
e Interview, stool diary
e Tests of anorectal and colonic function
e Symptom assessment (visual analog scale)
e Diaphragmatic breathing exercises

o Laxatives, timed-toilet training

e Phase |I: active phase of biofeedback therapy
e Visual, auditory, verbal feedback techniques (biweekly for six sessions)
e Duration of each session: 60 minutes

e Home devices

e Phase llI: reinforcement

o At 6 weeks, and 3, 6, and 12 months

on a commode with the manometry probe in situ. After correcting the patient’s posture
(eg, keeping the legs apart as opposed to keeping them together) and the sitting angle
at which he or she will attempt the defecation maneuver (ie, leaning forward) the sub-
ject is asked to take a good diaphragmatic breath and to push and bear down as if to
defecate.?55¢ The subject is encouraged to watch the monitor while performing this
maneuver. The subject’s posture and breathing techniques are continuously moni-
tored and corrected. The visual display of the pressure changes in the rectum and
anal canal on the monitor provides instant feedback to the subject regarding their
performance and helps them to understand and learn quickly (see Fig. 3). At least
10 to 15 maneuvers are performed.

Next, the balloon in the rectum is distended with 60 mL of air to provide the subject
with a sensation of rectal fullness or desire to defecate. As soon as the subject expe-
riences this desire, he or she is then encouraged to push and attempt defecation while
observing the pressure changes in the rectum and anal canal on the display monitor.
Once again, the breathing and postural techniques are corrected. The maneuvers are
repeated approximately 5 to 10 times. During the attempted defecation, the patient is
instructed to titrate the degree of abdominal push and the anal relaxatory effort and in
particular not to push excessively, because this is often counterproductive and leads
to voluntary withholding. After each attempt, the balloon is deflated and reinflated
before the next attempt. After completion of this maneuver, the balloon is fully deflated
and the probe is removed. If using an EMG device, the goal is to teach the subject
either to reduce the amplitude of electrical wave forms on the monitor or to decrease
the intensity of sound signals.®”

Simulated defecation training The goal of this training is to teach the subject to expel
an artificial stool in the laboratory using the correct technique. This maneuver is per-
formed by placing a 50-mL water-filled balloon in the rectum or by using an artificial
stool such as Fecom.®%68 After placement of balloon in the left lateral position, the
subject is asked to sit on a commode and to attempt defecation. While the subject
attempts to pass the balloon, assistance is provided, and the subject is taught to relax
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the pelvic floor muscles and to correct the posture and breathing techniques. If the
subject is unable to expel the balloon, gentle traction is applied to the balloon to
supplement the patient’s efforts. Gradually, the subject learns how to coordinate
the defecation maneuver and to expel the balloon.

Sensory training The goal of this training is to improve the thresholds for rectal sen-
sory perception and to promote better awareness for stooling.6%¢8 This is performed
by intermittent inflation of the balloon in the rectum. The primary objective is to teach
the subject to perceive a particular volume of balloon distention but with the same
intensity as they had previously experienced with a larger volume of balloon disten-
tion. The first step here is progressively to inflate the balloon until the subject expe-
riences an urge to defecate. This threshold volume is noted. After deflation, the
balloon is reinflated to the same volume and the maneuver is repeated two or three
times to educate the subject and to trigger appropriate rectal sensations. Thereafter,
with each subsequent inflation the balloon volume is decreased in a stepwise
manner by about 10%. During each distention, the subject is encouraged to observe
the monitor and to note the pressure changes in the rectum and simultaneously pay
close attention to the sensation they are experiencing in the rectum. They are
encouraged to use the visual cues for volumes that are either not readily perceived
or only faintly perceived. If the patient fails to perceive a particular volume or reports
a significant change in the intensity of perception, the balloon inflation is repeated
after a 5-second warning either by using the same volume or by using the previously
perceived (higher) volume. By repeated inflations and deflations and through
a process of trial and error, by the end of each session, newer thresholds for rectal
perception are established.

Duration and frequency of training The number of neuromuscular training sessions
and the length of each training session should be customized for each patient depend-
ing on their individual needs. Typically, each training session takes 1 hour. Patients are
usually asked to visit the motility laboratory once in 2 weeks. On average, four to six
training sessions are required.®5%8 At the outset, it is difficult to predict how many
sessions a particular subject needs. After completion of neuromuscular training, peri-
odic reinforcements at 6 weeks, 3 months, 6 months, and 12 months may provide
additional benefit, and also improve the long-term outcome of these patients,®® but
its role has not been examined.

Devices and techniques for biofeedback Because neuromuscular training is an instru-
ment-based learning technique, several devices and methods are available, and newer
techniques continue to evolve. These include manometric-based biofeedback treat-
ment with a solid-state manometry system, EMG biofeedback, balloon defecation
training, and home training devices.®® The solid-state manometry probe with micro-
transducers and a balloon is ideally suited for biofeedback therapy. Here, the trans-
ducers that are located in the rectum and anal canal provide a visual display of
pressure activity throughout the anorectum. This display provides visual feedback to
the subject. If required, surface EMG electrodes can be incorporated on the probe to
provide both visual and auditory feedback. Sensory training can also be performed
with the same probe. This system can serve as a comprehensive device for neuromus-
cular training.

Alternatively, an EMG biofeedback system that consists of a surface EMG electrode
that is mounted on a probe or affixed to the surface of the external anal sphincter
muscle can be used.®”:%° These electrodes pick up EMG signals from the surface of
the anal sphincter muscle and these are in turn displayed on the monitor. This provides



Table 1

Summary of the randomized controlled trials of biofeedback therapy for dyssynergic defecation

Chiarioni et al”’

Rao et al®®

Chiarioni et al®”

Heymen et al®®

Trial design

Biofeedback versus
polyethylene glycol, 14.6 g

Biofeedback versus standard
versus sham biofeedback

Biofeedback for slow transit
versus dyssynergia

Biofeedback versus diazepam,
5 mg, versus placebo

Subjects and
randomization

104 women
54 biofeedback
55 polyethylene glycol

77 (69 women)
1:1:1 distribution

52 (49 women)
34 dyssynergia
12 slow transit
6 mixed

84 (71 women)
30 biofeedback
30 diazepam
24 placebo

Duration and number of
biofeedback sessions

3 months and 1 year,

5 weekly, 30-minute training
sessions performed by
physician investigator

3 months, biweekly, 1 hour,
maximum of six sessions over
3 months, performed by
biofeedback nurse therapist

Five weekly 30-minute training
sessions, performed by
physician investigator

Six biweekly, 1-hour sessions

Primary outcomes

Global improvement of
symptoms

Worse = 0

No improvement = 1

Mild = 2

Fair =3

Major improvement = 4

1. Presence of dyssynergia

2. Balloon expulsion time

3. Number of complete
spontaneous bowel
movements

4. Global satisfaction

Symptom improvement
None =1

Mild = 2
Fair =3
Major = 4

Global symptom relief

Dyssynergia corrected or
symptoms improved

79.6% reported major
improvement at 6 and
12 months

81.5% reported major
improvement at
24 months

Dyssynergia corrected at
3 months in 79% with
biofeedback versus 4% sham
and 6% in standard group;
CSBM = biofeedback group
versus sham or standard,
P <.05

71% with dyssynergia and 8%
with slow transit alone
reported fair improvement
in symptoms

70% improved with
biofeedback compared with
38% with placebo and 30%
with diazepam

Conclusions

Biofeedback was superior
to laxatives

Biofeedback was superior
to sham feedback and
standard therapy

Biofeedback benefits
dyssynergia and not slow
transit constipation

Biofeedback is superior to
placebo and diazepam
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instant visual feedback. The pitch of the auditory signals can be used to provide
instant feedback regarding the changes in electrical activity of the anal sphincter.
Such feedback responses can augment the learning process by helping the patient
to titrate the defecation effort.

Home training devices largely use an EMG home trainer or silicon probe device
attached to a hand-held monitor with an illuminated liquid crystal display. The pres-
sure or electrical activity of the patient’s sphincter responses can be displayed on
a simple gauge, on a strip chart recorder, or on a color liquid crystal display and these
are used to provide visual feedback for the subject.

Efficacy of biofeedback therapy The symptomatic improvement rate has varied
between 44% and 100% in several uncontrolled clinical trials.”® When interpreting
the outcome of these studies, however, one should exercise caution because the
end point for a successful treatment has been poorly defined and the duration of
follow-up and the selection of patients has been quite variable. In the last few years,
however, several randomized controlled trials of adults with dyssynergic defecation
have been reported and are summarized in Table 1. There are significant methodo-
logic differences between the studies and in the recruitment criteria and in the end
points and outcomes. All of these studies have concluded, however, that biofeedback
therapy is superior to controlled treatment approaches, such as diet, exercise, and
laxatives,®® or use of polyethylene glycol,®” diazepam, or placebo,®® balloon defeca-
tion therapy,”? or sham feedback therapy.®®

Biofeedback therapy is a labor-intensive and multidisciplinary approach but has no
adverse effects; however, it is only offered in a few centers. To treat the vast number
of constipated patients in the community, a home-based, self-training program is essen-
tial. A large statewide study that used home trainers demonstrated the feasibility of home
training, but the efficacy of therapy was not compared and objective parameters of ano-
rectal function were not assessed.”® In another European study, significantimprovement
was reported in most subjects receiving home therapy,” but there was no control group.

Other measures for treating dyssynergic defecation

Injection of botulinum toxin into the anal sphincter has been tried with mixed results.?”
In both studies there was some improvement in less than one half of patients but trou-
blesome incontinence occurred in one study.”* The surgical aspects of managing dys-
synergic defecation are discussed in the article by Scott and Gladman, elsewhere in
this issue.

SUMMARY

Constipation caused by dyssynergic defecation is common and affects up to one half of
patients with this disorder. This acquired behavioral problem is caused by the inability to
coordinate the abdominal and pelvic floor muscles to evacuate stools. Today, it is pos-
sible to diagnose this problem through history, prospective stool diaries, and anorectal
physiologic tests. Randomized controlled trails have now established that biofeedback
therapy is not only efficacious but superior to other modalities and that the symptom
improvement is caused by a change in underlying pathophysiology. Development of
user-friendly approaches to biofeedback therapy and use of home biofeedback pro-
grams will significantly enhance the adoption of this treatment by gastroenterologists
and colorectal surgeons. Improved reimbursement for this proved and relatively inex-
pensive treatment will carry a significantimpact on the problem, and this could translate
into significant improvement of symptoms for patients with this disorder.
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Fecal incontinence (FI) may be defined as involuntary loss of stool that is a social or
hygienic problem." It affects between 1% and 15% of adults to at least some
extent,?™® depending on the definition used, and is probably a significant limitation
on quality of life for 0.5% to 1% of adults.? Although Fl increases in prevalence with
advancing age and disability, it also affects large numbers of healthy adults in middle
age. Somewhat surprisingly, in most large community studies the prevalence in men
and women is similar, although women tend to have more severe and frequent symp-
toms, and certainly present more often for clinical care.

FI has an understandably profound impact on a patient’s quality of life, leading to
major social and psychologic impact in many cases.®” As a stigmatized condition,
it leads to embarrassment and shame, often combined with reluctance to admit the
problem and present for help from health care professionals. Some people lack
a vocabulary with which to explain their symptoms, or assume that Fl is an inevitable
consequence of childbirth, diarrheal disease, or anal surgery. The impact seems to be
very individual, and some cope well, but others live in fear of being caught out in public
and map all activities around the likely availability of easy access to toilet facilities.®
Increasing recognition of the importance of the patient perspective and impact on
quality of life has led to recent efforts to develop standardized and validated tools
to add this dimension to outcome measures for F1,%-'" in addition to the somewhat
simplistic “scores” that presume that number of episodes equate to “severity”.12:13
Those patients with the most severe symptoms and impact on quality of life are the
most likely to seek help.*

Fl is a symptom arising from diverse etiologies, which often coexist in the same
individual. Typically, patients complain of urgency and urge incontinence, often
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indicating external sphincter weakness or damage,'* or passive soiling secondary to
internal anal sphincter disruption or atrophy.'® Both symptoms can be present in the
same individual. Stool consistency, bowel motility, sensation, completeness of evac-
uation, and physical or mental abilities for self-care may each have an impact. The
most common causes and contributing factors are summarized in Table 1.

It is this multiple pathology that often enables FI symptoms to be reversed by con-
servative means. Even in patients with sphincter trauma, there may well be an element
of residual function that can be improved, or other factors, such as stool consistency,
toilet habit, complete evacuation, psychologic coping, and toilet access, can be
optimized. In practice, although sphincter damage is commonly found when these
patients are imaged, careful history often reveals that the patient has not been symp-
tomatic continuously following the trauma incident. Other factors have contributed to
symptom development, and these can be modified.

PATIENT ASSESSMENT

Because Fl is a symptom of multiple etiologies, it is highly unlikely that the same treat-
ment suits all patients. For this reason, careful assessment of history, symptoms, and
contributing factors is mandatory (Box 1), as is a basic physical assessment including
anal, abdominal, and rectal examination.'®='® Various investigations are commonly
used, including manometry, electrophysiologic tests to assess reflexes and sensory
function, and imaging of the sphincters using anal ultrasound or MRI. There is almost

Table 1

Causes of fecal incontinence

External sphincter disruption or internal Obstetric injury; congenital anomaly;
sphincter disruption iatrogenic following colorectal surgery

(eg, hemorrhoidectomy or
sphincterotomy); impalement injuries;
idiopathic degeneration

Diarrhea or loose stool Inflammatory bowel disease; irritable bowel
syndrome; gastrointestinal infections;
dietary sensitivities (eg, lactose or fructose
intolerance, caffeine sensitivity, excess
alcohol, artificial sugars); medications (eg,
orlistat, antibiotics); celiac disease; anxiety;
radiation enteropathy

Loss of sensation Neurologic disease or injury (eg, spinal cord
injury, spina bifida, multiple sclerosis,
diabetic neuropathy)

Constipation or incomplete evacuation Frailty, immobility, stool impaction, rectocele
or pelvic floor dysfunction, neurologic
disease or injury, medications

Anorectal pathology Rectal prolapse, third-degree hemorrhoids,
anal fistula

Physical disabilities with toileting difficulties Neurologic disease or injury, frail elderly
people, poor toileting facilities, lack of
caregiver availability

Mental capacity to comply with social norms  Severe learning difficulties, confusion,
for toilet behavior advanced dementia

Idiopathic Cause unknown
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Box 1
Checklist for Fl assessment

Onset of symptoms
Usual bowel habit
Changes in bowel habit
Stool consistency
Amount and frequency of Fl
Urgency or urge Fl
Passive soiling
Difficulty wiping clean after toilet
Nocturnal bowel symptoms
Abdominal pain and bloating
Evacuation difficulty
Straining
Incomplete evacuation
Pain

Digitation

Control of flatus

Rectal bleeding or mucus

Products used to manage Fl

Diet: pattern and constituents
Fluid intake and types

Obstetric and surgical history
Comorbidities and physical abilities
Medications

Mental status

Abdominal, anal, perineal, and rectal examination

no evidence that the results of these tests change management or influence patient
outcomes, however, and expert opinion suggests that evaluation of Fl does not neces-
sarily include manometry and imaging in the first instance for all patients.'® In the United
Kingdom, national guidelines'® now encourage a step-wise approach to patients (in the
absence of alarm symptoms, such as rectal bleeding or unexplained change in bowel
habit, which warrant investigation in their own right), except those with acute sphincter
rupture or complete rectal prolapse who should normally obtain imaging and a surgical
opinion as first-line management. Other patients should normally have a targeted his-
tory and physical examination'”2° and then consideration of a range of conservative
options, which can be combined according to individual need.

ELEMENTS OF CONSERVATIVE CARE

In the United Kingdom a step-wise approach has been recommended by the National
Health Service (Fig. 1).2" This includes identifying and addressing such factors as toilet
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| Patient presents with fecal incontinence

|

Focused baseline assessment (history, symptoms, examination,
cognitive evaluation if appropriate)

!

Treat potentially reversible causes (eg fecal loading, reversible diarrhea, acute sphincter
disruption, acute disc prolapse, red flag cancer symptoms, rectal prolapse or 3™ dgree
hemorrhoids)

l

Combination of initial management:

diet; establish bowel habit (soft formed stool consistency and predictable time with complete

evacuation); toilet access; medication (eg loperamide); modify contributing medications;
coping strategies (products, skin care, emotional support)

|

Specific groups will need proactive bowel management to prevent Fl: eg, patients prone to
impaction, neurogenic bowel, learning disabilities, terminal iliness, severe cognitive
impairment)

l

If initial management does not restore continence consider specialist management options:
Pelvic floor muscle training
Bowel retraining
Specialist diet
Biofeedback
Electrical stimulation
Rectal irrigation

4
If specialist management does not restore continence, consider:
Anorectal physiology studies
Imaging (anal ultrasound or MRI
Other tests as indicated (eg proctography)

Surgical opinion

.

Surgical options
Sphincter repair for major sphincter disruption
Sacral nerve stimulation (temporary evaluation prior to decision)
Antegrade irrigation
Neosphincter (graciloplasty or artificial bowel sphincter)
Ostomy

Fig. 1. Step-wise algorithm for management of fecal incontinence.

access, diet, mobility, and cognitive factors. Medical management without any exer-
cises or biofeedback has been found to improve symptoms in one third to one half of
patients.?2:23

Patient Education and Understanding

Few patients understand how the gastrointestinal tract works and many have miscon-
ceptions, leading to counterproductive coping strategies.?* Patients often benefit from
verbal and written information to enhance understanding of normal gut function and
why their symptoms have arisen.?®

Bowel Habit

For most patients there should be an attempt to address bowel habit to enable the
patient to achieve a complete evacuation of a formed stool at a predictable time
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each day.'®'” Even if Fl persists, this makes the symptom much more tolerable and
less limiting of activities. This might mean addressing constipation or evacuation dif-
ficulties for some patients (see the article by Rao, elsewhere in this issue), or reducing
frequency and firming the stool for those with urgency and loose stool.

Diet Modification

There is an obvious relationship between dietary intake and defecation. Changing the
amount, content, and timing of food and drink can make a major difference to bowel
habit and stool consistency for some people, maybe particularly when there is an
element of irritable bowel syndrome (IBS) also present. Patients with FI secondary
to loose stool have been found to respond to addition of soluble fiber to their diet.
In one randomized controlled trial (RCT) of 39 patients, placebo was compared with
two types of fiber supplement, both of which produced less Fl than placebo,?®
although another RCT has suggested that response to fiber is individual with some
patients reporting benefit from either high- or low-fiber diets.?”

Other diet modification approaches should be individualized. Diarrhea-predominant
IBS patients may benefit from fiber reduction, especially if intake is high to
excessive.?® Lactose intolerance, undiagnosed celiac disease, and excess caffeine
or alcohol intake may each contribute and be easily overlooked. Fructose intolerance
affects up to one third of IBS patients and a diet with restricted fruit intake may im-
prove symptoms.2°

Other Lifestyle Modifications

There are several other known risk factors for Fl that have yet to be subjected to trials
treating the symptom. Obesity,>3C particularly morbid obesity,®" has been found to
increase risk of F1,32:33 with rates over 60% reported, and such medications as Olestra
to treat obesity have been reported to increase Fl (probably by causing loose stool).34
It is not known if weight loss reverses symptoms once present. Depression is also
found to coexist,® but again treatment studies are lacking. Group therapy may be of
benefit to some.*> Smoking can stimulate colonic motility>® and might in theory exac-
erbate urgency.

Urge Resistance Training

It is not difficult to imagine how patients with the socially devastating symptom of Fl
might become hypersensitive to any rectal or anal sensation and respond by an imme-
diate search for toilet facilities. This seems to initiate a vicious circle of increasing
urgency and anxiety for some patients, with urge Fl resulting when the panic is over-
whelming or no facilities can be located. Patients seem to lose all confidence in the
ability to defer defecation and all rectal sensation is interpreted as an impending
incontinence episode. This vicious circle can be broken in some patients by careful
explanation and coaching to incrementally resist the urgency by repeatedly “holding
on” for longer and longer time periods, possibly only a few seconds at first but grad-
ually building to enough minutes to be confident that facilities can be reached.3” A sim-
ilar program has been found successful in most patients with urge urinary
incontinence whether secondary to detrusor instability or overactive bladder syn-
drome without instability.3® Although not yet formally evaluated as a single treatment
for Fl, such training has been incorporated in some biofeedback programs, where it
may be combined with dietary or medication measures to firm the stool.®®
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Medication

There is good evidence that loperamide (Imodium) can reduce frequency and firm the
stool for people with Fl related to loose stool.4%*! It has been found beneficial in
patients with Fl secondary to diarrhea-inducing medication, such as orlistat.*> Once
constipation has been excluded as an underlying factor for Fl, loperamide is often
the first treatment option tried for Fl. Patients do need careful teaching, however, on
the mechanism of action and how to use loperamide. If used in doses recommended
for frank diarrhea, constipation likely occurs. Because it dampens the gastrocolonic
response, it is often best to take the medication approximately 30 to 60 minutes before
a meal. Onset of action is rapid and a half-life of approximately 8 hours means that
as-needed use (as opposed to routine dosage) can be useful. A syrup formulation
enables fine titration of dose to individual response and gives the patient a useful
sense of control.

Codeine phosphate, diphenoxylate, or low-dose amitriptyline (the latter particularly
if there are symptoms of IBS) are alternatives,*! but tend to have more side effects
than loperamide. Stool bulking agents may help to form loose stool. There is also
a suggestion from a nonrandomized study that low-dose cholestyramine may be
useful in patients with FI secondary to loose stool.*® The anorectum and pelvic floor
have estrogen receptors and a small study has suggested benefit of postmenopausal
hormone therapy for FI.** Medications specifically to modify anal sphincter function
have been reported but have yet to reach the market.*%46

Pelvic Floor Muscle Training

In contrast to the large literature on urinary incontinence,®® there has been relatively
little attention given to the option of exercises alone, without additional biofeedback
for Fl. The reason for this is unclear. The few studies that have been reported have
given no pointers as to the optimum regimen of exercises (mode of teaching, number
and type of exercises, or frequency of practice). Evidence is also lacking or conflicting
as to efficacy. One RCT study found that exercises plus conservative management
advice was no more effective than the advice alone;?® two studies have found digitally
taught exercises as effective as biofeedback.?>*” Another small study has found
equivalent outcomes comparing verbally taught exercises with biofeedback.*®

Because exercises are a relatively low-cost and possibly self-directed treatment, it
may be worth trying before formal biofeedback training.

BIOFEEDBACK FOR FECAL INCONTINENCE

For many years case series and expert opinion proposed “biofeedback” as the treat-
ment option of first choice in the treatment of F1.#9-%C Case series almost unanimously
reported positive patient outcomes, often in over 70% of patients.>"52 Case series
methodology, however, has widely acknowledged weaknesses (it was difficult to
know if the biofeedback was the crucial element in an often complex package of
care including many of the measures outlined previously). In addition, outcome mea-
surements were often poor, or proxy measures, such as anal sphincter pressures.

DIFFERENT METHODS OF BIOFEEDBACK

There is no standard method of biofeedback for FI and some authors have failed to
describe the makeup of their intervention. Most include one-to-one sessions with
a therapist (doctor, nurse, physical therapist, clinical scientist, or other) of different
durations (typically 30-60 minutes) at variable time intervals (from more than once
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daily to once per month or less frequently) and some have admitted patients to hos-
pital for intensive treatment.>® All involve some type of anorectal instrumentation to
enable the patient to become aware of voluntary or autonomic functions and modify
those functions, but the proportion of each session devoted to this activity is seldom
stated, because presumably most therapists also interact socially and review symp-
toms and incorporate other advice and education. The impression is that some
authors have used sessions for multiple repeated attempts to modify function,
whereas others have used instruments as a quick check on progress and spent
most of each session concentrating on the education elements. The main modalities
of instrumented biofeedback are discussed next.

Measures of Voluntary Squeeze

This has been displayed to the patient using electromyography (EMG), manometry,
and anal or perineal ultrasound. The patient may lie or sit with direct views of the com-
puter or imaging monitor and attempt squeezing with real-time feedback (usually
visual but occasional auditory) of the success of each attempt. The therapist can
coach the patient to improve performance. Some equipment sets goals for patients,
such as grid lines to follow for the pressure of each squeeze. The aim is usually to dem-
onstrate the correct action to the patient and then to monitor progress of a structured
pelvic floor muscle exercise program conducted by the patient at home between
visits. Some authors have included abdominal EMG to enable the patient to isolate
anal contraction from abdominal effort, avoiding any counterproductive straining
effect during exercises.

Modification of Anorectal Sensation

Typically, a rectal balloon is inserted and gradually filled with air or water. Depending
on the assessed problem, this may be used to raise or lower sensory thresholds or tol-
erated volumes. Patients found to have a high threshold of sensation to rectal filling
have been reported to experience improved symptoms if their threshold can be low-
ered,® presumably by allowing earlier perception of stool and the possibility of
responding by anal contraction or finding toilet facilities promptly. This is usually
achieved by finding the volume that can be reliably detected and then repeatedly filling
at volumes below this threshold until the patient learns to perceive this. Conversely,
patients with an oversensitive rectum may learn that if this sensation is ignored or
resisted, then it diminishes and larger volumes can be tolerated.3”:%%

Co-ordination Training

A two- or three-balloon system is used to simulate the rectoanal inhibitory reflex and
train the patient to increase speed of reaction and voluntary squeeze increment in
response. The rectal balloon is inflated with air or water. One or two balloons in the
anal canal record the consequent fall in anal pressure and the patient is asked to coun-
teract this fall by a voluntary contraction of the external anal sphincter. Repeated trials
may be conducted until the patient is successful in achieving no fall in anal pressure.
Alternatively, the patient is taught to squeeze in response to successively weaker rec-
tal stimuli.>* The patient may also be instructed to practice the same maneuver in
response to each urge to defecate. This “urge resistance” has also been described
as an instruction to the patient in the absence of any biofeedback to assist in learning
the technique.

Biofeedback protocols have varied greatly in terms of number and frequency of
sessions, length of sessions, and therapist training. It has been reported in a non-
randomized study that less intensive telephone follow-up may be as effective as
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face-to-face contact,5® suggesting that the instrumental elements of biofeedback may
not be the most crucial element.

Evidence for the Efficacy of Biofeedback

Given the possible complexity of an individual patient care plan during biofeedback
(which might include any or all of the modalities of biofeedback and adjunctive thera-
pies listed previously), it has been difficult to determine whether biofeedback per se is
the effective element of any intervention. Trials comparing different methods of
biofeedback, including home practice machines, EMG, pressure, and ultrasound
biofeedback, have failed to find any difference in outcomes.?347-57 The addition of bio-
feedback and exercises after sphincter repair made little difference compared with
sphincter repair alone.5® A Cochrane review of 11 RCTs has concluded that there is
no evidence at present of one method of biofeedback giving any benefit over any other
method, or that exercises or biofeedback offer any advantage over other conservative
care.® The evidence from RCTs to 2008 is summarized in Table 2.

It does seem that the effect of biofeedback interventions is largely maintained at
1 year.?®%% Some specific patient groups have been studied in uncontrolled trials
with suggestion of benefit, such as patients with Fl after anterior rectal resection
with or without radiotherapy.®® Controlled studies of the preventive value of pelvic floor
muscle training have failed to show a difference in postnatal FI compared with con-
trols.®1-63

Loose stool, symptom of passive (as compared with urge) Fl, and previous
third-degree tear have been found to predict poorer outcomes from exercises or
biofeedback, as may more severe initial symptoms, whereas baseline tests have little
predictive value.®* Other authors, however, have reported that more severe symptoms
may predict better results.®> Men may do less well than women, for reasons as yet
undetermined.®®

Electrical Stimulation

Stimulation of striated muscle at a frequency sufficient to produce a tonic involuntary
contraction (usually 30-50 Hz) can increase muscle strength, increase conduction rate
of the pudendal nerve, increase the size of motor units, encourage neuronal sprouting,
and promote local blood flow. This has been used to enhance the squeeze pressure of
the external anal sphincter. Stimulation at lower frequencies (typically 5-10 Hz) can
modulate autonomic function including both sensation and overactivity. This has
been used successfully in patients with overactive bladder but has received little
attention in FI.

Studies of electrical stimulation for Fl have to date been largely small and uncon-
trolled or with confounding effects of exercises, biofeedback, or other interven-
tions.®®67 A recent Cochrane review found only four RCT studies with 260
participants in the world literature.®® One study found that anal electrical stimulation
with anal biofeedback produced more short-term benefits than vaginal biofeedback
alone in women with postnatal FI (n = 40).%° Another study found no additional benefit
of exercises, biofeedback, and electrical stimulation over exercises and biofeedback
alone in a similar group of 60 women, many of them with evidence of sphincter disrup-
tion.”® One study found that patients (n = 90) improved equally using stimulation at
1 Hz and 35 Hz over an 8-week period with no adjunctive therapies, suggesting that
any effect may be by enhancing sensation rather than muscle strengthening.”" It is dif-
ficult to be sure that it is electrical stimulation itself that produces any reported effect.
The final RCT in the review compared conservative treatment (daily anal electrical
stimulation) with levatorplasty surgery over 2 years in 70 patients and found the
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surgery intervention to be superior in terms of continence outcome, although
physiologic parameters were similar.”? The authors of the Cochrane review concluded
that there is a suggestion that electrical stimulation may have an effect and that further
and larger studies are needed.®®

Subsequent to the Cochrane review two new RCTs have been published. One study
(n = 48) has found no difference between daily home stimulation and weekly
biofeedback alternating with electrical stimulation in the clinic, with both groups
reporting improvement and improved manometry.”®> A second study compared
twice-daily 30-minute home sessions of electrical stimulation or biofeedback in 40
women after obstetric injury for 8 weeks. There was no difference between the groups
at the end of treatment. Both groups improved their satisfaction and subjective symp-
toms, but there were no changes in continence scores or quality of life measures.”™

WHEN BIOFEEDBACK DOES NOT WORK

Few other options have been described for conservative management of Fl. Surgery is
discussed elsewhere in this issue.

Rectal Irrigation

Rectal irrigation with tap water has been found to improve bowel management, con-
stipation, and Fl in patients with problematic bowel management following spinal cord
injury.”® This warrants further evaluation in other populations because uncontrolled
case series report possible efficacy in FI.7678

Products to Manage Fecal Incontinence

There are few purpose-designed products that target Fl. Absorbent diapers are
generally held to be unsatisfactory in providing security and comfort, protecting the
skin, or disguising odor. Many people with Fl choose not to wear pads.* Small anal
dressings may be useful for people with minor soiling contained between the but-
tocks,”® but can become costly if several are needed each day.

An anal plug contains FI for some patients,® with a recommended wear time of up
to 12 hours. If rectal and anal sensation is intact, however, many patients find the plug
difficult to tolerate because of discomfort or a desire to defecate.®! Some patients
anecdotally report being able gradually to increase tolerance and wear time for an
anal plug, but generally use is confined to those with neurologic impairment.

Other products helpful to individual patients include skin care and barrier prod-
ucts,®2:83 and odor control. Again, there is little research in FI, but in clinical practice
many ostomy products are useful.

SUMMARY

Biofeedback as delivered in most clinical settings in Western medicine has been
consistently reported to improve symptoms of FI. Numerous case series attest to
efficacy. Closer scrutiny of the elements of the intervention and controlled studies
have consistently failed, however, to find any benefit of the biofeedback element of
this complex package of care, with one exception reported only in abstract;®* nor
has any superiority been found for one modality over another. There is certainly
a need for further well-designed and adequately powered RCTs.*®® Labeling an
intervention “biofeedback” certainly assists with reimbursement and billing issues in
some health care environments, but from a scientific viewpoint the added benefit of
adding biofeedback to other elements of care has yet to be convincingly demon-
strated. As ever, absence of evidence is not the same thing as evidence of absence,
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Table 2

Randomized controlled trials of biofeedback or exercises for fecal incontinence in adults

Author,

Year,

Country Population Intervention Control Outcome Comments

Davis 38 women undergoing Manometric BFB starting Usual care. 31 completed at No ITT analysis.
2004 anal sphincter repair. 3 months after surgery: N = 17 completed. 12 months after surgery. Scores, satisfaction, and
UK Mean age 60 1 h/wk for 6 weeks VAS for subjective manometry improved in

(range, 26-78).

(exercise and sensory
training).
N = 14 completed.

outcome: NSD.
QoL: NSD.
Score: NSD.
Manometry: NSD.

both groups compared
with 3 months
postsurgery.

Paper focuses on before-
after changes within
groups and does not
report detailed
differences
between groups.

Fynes 1999 40 women with obstetric-

Weekly anal EMG BFB

Weekly vaginal

At end of 12 weeks

No ITT analysis.

Ireland related FI. plus electrical stimulation ~ manometric BFB treatment score Paper focuses on before-
Mean age 32 years (range, (20 Hz and 50 Hz) with with nurse specialist. improved more in after changes within
18-48). physiotherapist augmented group groups and does not
(augmented BFB). (P = <0.001) report detailed
differences between
groups.
Heymen 108 patients, 25 men. 61-h sessions alternate 61-h sessions alternate “Adequate relief”: yes/no at Abstract only.
2007 Failed previous maximal weeks. weeks. 3 months after treatment: ITT analysis performed.
USA medical management. EMG BFB plus PFMT PFMT (N = 64). BFB: 77% yes.

(N = 44).
Plus sensory training?

PFMT: 41% yes (P =.001).

FISI: BFB > PFMT (P =.001).

Diary: trend to BFB >PFMT
(P =.07).

Per protocol: 66 BFB versus
48% controls fully
dontinent.

96S

UOLION



Heymen 40 patients with FI not Four groups: See four intervention 34 patients completed. No ITT analysis.
2000 suitable for surgery. 1. Anal clinic EMG groups. Diary (days with FI All groups significantly
USA Mean age 74 years (range, 2. Anal clinic EMG plus episode): NSD. reduced incontinence
36-88), 11 men. sensory balloon training frequency.
3. Anal clinic plus home
trainer EMG
4. Anal clinic EMG plus
sensory balloon training
plus home trainer
lInyckyj 23 women with regular Education plus Education plus PFMT. 18 completed. No ITT analysis.
2005 and frequent Fl. manometric BFB. N = 11 completed. Success = no Fl in last Underpowered to detect
Canada Mean age 59 years N = 7 completed. week of study: a difference?
(range, 26-75). Excluded BFB 6/7 (86%)
irritable bowel PFMT 5/11 (45%) P = .2.
syndrome.
Latimer 8 subjects (four Four phases: Varied order — Complex design.
1984 children) range, 1. 1 month diary of phases. Underpowered to
Canada 8-72 years. 2. PFMT with balloon detect a difference.
and verbal feedback
3. Rectal sensory
training
4. Three balloon BFB
Mahony 60 consecutive Anal EMG BFB weekly Anal EMG BFB 54 completed. No ITT analysis.
2004 women with Fl for 12 weeks (26 weekly for 12 Score: NSD. Both groups improved
Ireland after obstetric completed). weeks plus Manometry: NSD. equally. Most results
injury in perineal 20 minute reported by group
clinic (range, 22-42 electrical before-after.
years). stimulation at
35 Hz (28
completed).
McHugh 23 women with Three sessions “standard”  Home manometry. 13 completed. Abstract only.
1986 regular Fl. BFB over 2 months BFB daily. Diary: insufficient
Canada (no details given). information to judge.

(continued on next page)
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Table 2
(continued)
Author,
Year,
Country Population Intervention Control Outcome Comments
Miner 25 consecutive 1. Rectal sensation 1. Sham rectal End of active No ITT analysis.
1990 patients with training. sensation training. versus sham: Complex crossover
UK FI, 8 men. 2. Strength or 2. Coordination active reduced FI.  design and small
Age range, coordination or strength training sample size.
17-76 years. training (crossed (crossed over). Both groups improved:
over). plus 24-month follow-up:
improvement maintained.
Naimy 49 women after BFB: EMG, anal Electrical stimulation 40 completed. No ITT analysis.
2007 third or fourth probe, home at 30-40 Hz, pulse  Score: NSD. Compared median changes pretreatment
Norway degree obstetric exercises (fast, width 200 ps, QolL: NSD. and posttreatment between groups
tear (referred or 10 second and limit at 80 mA, Both groups rather than direct comparison.
identified by survey). endurance anal probe subjectively Both groups improved subjective
Mean age 36 squeezes). 20 minutes, twice improved. perception of control, but no changes
(range, 22-44). 20 minutes, twice daily at home for shown in other parameters. Mostly
daily at home for 8 8 weeks plus two mild FI: limits potential to benefit?
weeks plus two sessions with
sessions therapist.
with therapist.
Norton 171 patients Four groups, all up to See four 140 completed. Performed ITT analysis.
2003 referred for BFB. 61-hour sessions: intervention Immediate plus Global improvement across all groups.
UK Mean age 56 1. Education, advice, groups. 12 months:
(range 26-85), plus urge resistance. Subjective: NSD.
12 men. 2. As group 1 plus Satisfaction: NSD.

PFMT taught digitally.
3. As group 2 plus clinic
manometric BFB.
4. As group 3 plus
home EMG BFB.

Score: NSD.

QolL: NSD.

Manometry: NSD.

Anxiety and
depression: NSD.

Diany: INSD.

869
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Mean age 62 years,
13 men.

Solomon 120 patients who
2003 had failed diet and
Australia medical management.

Five monthly

30-minute sessions.

Three groups:

1. PFMT taught
digitally.

2. PFMT plus anal
ultrasound BFB.

3. PFMT plus
manometric BFB.

See groups.

102 completed.
End of treatment:
score: NSD.

QolL: NSD.
Manometry: NSD.
Subjective: NSD.

No ITT analysis.
All groups improved equally and
significantly.

Whitehead 18 older patients
1985 USA  recruited from
clinics or newspaper
advertisement.
Mean age 73 years

4 weeks habit
training plus
PFMT (50
squeezes per
day for

4 weeks habit
training alone.

End of treatment:

No statistical
analysis given of
difference

between groups.

No ITT analysis.

If still incontinent
after 4 weeks, all
received BFB.

(range, 65-92), three men, 10 seconds).

six double incontinence.

Abbreviations: BFB; EMG, electromyography; Fl, fecal incontinence; FISI, fecal incontinence severity index; ITT, intention to treat; NSD, no significant difference;
PFMT, pelvic floor muscle training; QoL, quality of life; VAS, visual analogue scale.
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and it may be in the future that additional efficacy will be demonstrated. Meanwhile,
there can be little doubt that conservative interventions improve many patients with
FI to the point where most report satisfaction with treatment and do not wish to
consider more invasive options, such as surgery.
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Constipation and fecal incontinence (Fl) both represent symptom complexes that in
clinical practice present to health care providers when symptoms are sufficiently
severe, and to surgeons when first-line, conservative measures have failed. It is impor-
tant to consider, especially when surgical intervention is being contemplated, that
patients with constipation or FI represent heterogeneous populations both in terms
of reported symptoms and underlying pathophysiology. Accordingly, detailed assess-
ment of clinical symptoms and their severity and full characterization of underlying
physiologic abnormalities are required in individual patients before embarking on
potentially irreversible interventions. With such information to hand, the surgeon is
then able to tailor the procedure to specific underlying abnormalities to restore normal
physiology and it is hoped function. Unfortunately, this is not always possible and, in
such cases, treatment is frequently empiric (ie, aimed at reducing symptom severity,
rather than restoring normal function).

For the purposes of the following discussion, surgical treatment of constipation and
Fl are considered separately, although it should be acknowledged, as is being increas-
ingly recognized, that both conditions may coexist in individual patients (eg, outlet
obstruction and passive Fl)." Some procedures may treat Fl by improving evacuation.?
Classically, surgery is considered as a branch of medicine that treats diseases, in-
juries, and deformities by manual or operative methods. This article includes some
therapeutic procedures that are perceived to be less invasive (eg, sacral nerve
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stimulation [SNS] and injection of biomaterials) but does not include purely diagnostic
interventions, such as full-thickness rectal biopsies. For both constipation and Fl, the
reader is guided by dividing surgical interventions into those regarded as historical,
contemporary, or evolving. Provided for each are the (1) rationale; (2) indications
(including patient selection); (3) results including complications; and (4) the current
position of the procedure in the management armamentarium, especially including
controversies. The published success rates, outcome measures, and grades of evi-
dence® are summarized for each of these procedures in Tables 1 and 2. In the
most part, the treatment refers to that of adults unless specified. Throughout, it is
assumed that organic causes have been excluded.

SURGICALTREATMENT OF CONSTIPATION
Introduction

Patients with constipation usually present to the surgeon when nonsurgical therapies
(laxatives, behavioral therapies including biofeedback) have already failed. In practice,
this group has a strong female predominance and includes patients who on specialist
physiologic investigation commonly have slow colonic transit, severe outlet obstruc-
tion, or both.* Aside from such interventions as manual evacuation, the mainstay of
surgical treatment for slow transit constipation (STC) has been colectomy, whereas
outlet obstruction has less clearly defined effective therapies. In respect of the latter,
although they may be pathophysiologically associated, the numerous therapies for
rectal prolapse and rectocele are not addressed. Table 1 summarizes the procedures
that are discussed in detail.

Historical Surgical Treatments

Colectomy, first described for constipation 100 years ago,’ is still performed and is
discussed next. In contrast, a variety of anorectal procedures (eg, anal dilatation,
anorectal myectomy, partial division of puborectalis) had been performed with the

Table 1
Surgical interventions for patients with constipation
Grade of
Procedure Success Rate Outcome Measures Evidence
Historical
Pelvic floor procedures <50% (17%-48%) Spontaneous defecation D
Contemporary
Colectomy 86% (39%-100%) Satisfaction ratings, D
QOLclinical, physiologic
Anterograde 47% Satisfaction D
colonic enema
Fecal diversion No valid data N/A N/A
Evolving
Sacral nerve stimulation 42%—-66% 50% symptom improvement D
STARR procedure 50%-90% Overall satisfaction B/D?
Vertical reduction 70% Satisfaction, clinical (CCS), D
rectoplasty physiologic

Abbreviations: CCS, Cleveland Clinic Constipation score; QOL, quality of life.
2 One randomized controlled trial available but comparison with another experimental surgical
procedure only.
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Table 2
Surgical interventions for patients with fecal incontinence
Grade of
Procedure Success Rate Outcome Measures Evidence
Historical
Pelvic floor procedures 33%-50% Full continence B®
Contemporary
Sphincter repair 50%—66%" Clinical, physiologic B?
Sacral nerve stimulation 40%-75% Complete continence A
75%-100% Improved (by 50%)
continence
Dynamic gracilis 42%-85% Restoration of continence D¢
neosphincter
Artificial bowel 50%-100%4 Full continence B2
sphincter
Fecal diversion No valid data N/A N/A
Evolving
Injection of 66% short term* Cessation leakage and D
biomaterials improved continence
SECCA procedure 84% 50% improvement D
Rectal augmentation 64% Avoidance of stoma D

@ Derived from Cochrane review but in some instances data extrapolated from only one study.
P 5-year success rates fall to 50%.

¢ Systematic review available but only of case series with no comparative studies.

4 Explantation rates in case series approximately 50%.

¢ No change in continence scores compared with preoperatively at long-term follow-up.

primary aim of alleviating outlet obstruction in children and adults on the basis that this
was caused by sphincter—pelvic floor hypertonia. Despite short-term improvement in
up to 60% of patients, long-term results of pelvic floor procedures are disappointing,
with success rates of only 48%.° In recent years, the concept of paradoxical contrac-
tion of the pelvic floor musculature as a cause of constipation has been seriously ques-
tioned.” Furthermore, there is a risk of incontinence following such interventions.

Contemporary Surgical Treatments

Colonic resection

Resection of all or part of the colon has been described as a treatment for severe
constipation since 1908° and for patients with proved slow colonic transit since
1984.8 Having peaked in popularity in the early 1990s, some more disappointing
European long-term results and high complication rates have led to its more cautious
application in the twenty-first century. Nevertheless, it continues to be used.

Rationale The shortened colon reduces colonic transit time and delivers less solid
(more easily evacuated) stool to the rectum.

Indications and patientselection It is now widely accepted that the procedure should be
reserved for those with documented slow transit in whom nonsurgical interventions
have failed to ameliorate symptoms that are sufficiently severe to affect adversely
quality of life. Furthermore, expectations should be clearly defined in relation to out-
comes and complications, particularly in respect of the relative lack of efficacy of
this procedure in treating abdominal pain and bloating, body image, or psychologic
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complaints.®° Fig. 1 demonstrates the factors to be consideration when contemplat-
ing surgical intervention. Specific clinical and physiologic findings in relation to patient
selection are discussed next.

Results and complications These were systematically reviewed in 1999." Overall,
32 case series (1981-1998) provided outcome data in 12 to 106 patients. Mortality
rates were documented in 23 series, and varied from 0% to 6%. The commonest post-
operative morbidity was small bowel obstruction occurring in 2% to 71% patients
(median, 18%), and resulted in reoperation in 0% to 50% (median, 14%).'" Overall
documented patient satisfaction rates varied from 39% to 100% (median, 86%). Post-
operative bowel habit was only numerically quantified in 20 series, with median or
mean bowel habit figures available in only 14 series (range of medians/means,
1.3-5 times per day; median, 2.9)."" Other functional outcome measures included
diarrhea (range, 0%-46%; median, 14%); incontinence (range, 0%-52%; median,
14%); and recurrent constipation (range, 0%-33%; median, 9%). The percentage of
patients still experiencing abdominal pain was documented in 14 series (range,
0%-90%; median, 41%)."" As a result of poor functional outcome, in particular diar-
rhea and incontinence or recurrent constipation, permanent ileostomy was formed in
up to 28% of patients (median, 5%; range, 0%—-28%). Success rates were higher in
United States series (n = 11: 75%-100%, median, 94% versus Europe [65%])."

Slow transit constipation

Normal diameter colon, Hirschsprung’s
disease excluded

|

Failure of medical management including behavioural therapy

|

Consider SNS

}

Persistent symptoms

}

Full clinical, physiological and psychological evaluation

FAVOURING SURGICAL FAVOURING NON-SURGICAL
THERAPY THERAPY
« Typical symptoms e.g. infrequency * Atypical symptoms e.g. bloating / pain

 Absence of (or treated) dyssynergic « Evidence of dyssynergic defecation

defecation « Blunted rectal sensitivity

» Normal rectal sensitivity . .
 Anal sphincter dysfunction
* Normal anal sphincter function .
. + Abnormal upper GI motility
« Normal upper GI motility

« “Neuropathy’on colon manometry * Normal / ‘myopathy’on colon manometry

* No psychologic disturbance * Psychologic disturbance

Consideration for:
Subtotal vs. segmental resection
Laparoscopic procedure

Fig.1. Factors guiding selection of patients with slow-transit constipation for surgical inter-
vention. Gl, gastrointestinal; SNS, sacral nerve stimulation.
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Although there was no overall direct effect of length of follow-up, for study groups
with results at two or more time points, successful outcomes seemed to fall off
with time. Prospective studies had superior outcomes (n = 16; median, 90%; range,
50%-100%) versus retrospective studies (n = 13; median, 67%; range, 39%-100%)
that may in part have been caused by more rigorous patient selection. In studies that
performed anorectal physiology and transit studies, the median satisfaction rate was
89% (range, 63%-100%) versus incomplete physiology, where the median satisfac-
tion rate was 80% (range, 39%-100%). Studies in which all patients had proved
slow transit had superior outcomes to those without (median outcome, 90% versus
67%, respectively).'

Since this review, several studies have continued to demonstrate similar complica-
tion rates’?'® and long-term results that vary from the very good (>80% success) '#1°
to the more modest (50% success),'? the latter despite rigorous selection criteria.
Quality of life has now also been assessed by one study using validated tools and
has been shown to increase in accord with functional results.®

Current position controversies

Role of segmental resection Where selection for extent of colectomy has not been
based on segmental transit studies, results for limited subtotal resections (either sub-
total colectomy with cecorectal anastomosis® or ileosigmoid anastomosis)'® have
proved generally inferior to subtotal colectomy with ileorectal anastomosis. The
results of segmental resection (hemicolectomy) have proved even more disappoint-
ing.8 Although subtotal colectomy with ileorectal anastomosis offers the best success
rates, there is a perception, born out to some extent in the literature, that complica-
tions, including leakage, are more common following this anastomosis.'” The indica-
tion for surgery in most patients was polyposis coli or Crohn’s disease, '® however, and
whether these results can be extrapolated to patients with constipation is unclear. In
addition, functional complications, including diarrhea and urgency of defecation, may
complicate this procedure and are frequently difficult to manage in clinical practice.
Suboptimal function is far less problematic in patients undergoing this procedure for
constipation, however, than for Crohn’s disease.

Several groups have attempted to tailor segmental surgery to pattern of transit with
the use of more complex serial radiopaque marker or scintigraphic transit studies and
avoid ileorectal anastomosis. De Graaf and colleagues'® measured segmental transit
using radiopaque marker studies to select patients for partial left-sided colectomy or
subtotal colectomy. Although results as a whole were disappointing, the study con-
cluded that in terms of complications and functional outcome, there was little differ-
ence between procedures, and that a more limited resection was a reasonable
option in this selected group.'® More recently, two studies of 40 and 28 patients 202"
have reported the use of left, right, or subtotal colectomy based on segmental transit
time measurements (the latter using scintigraphy) with excellent results (82/93%). In
cases where constipation recurred following segmental resection, a subtotal colec-
tomy was undertaken successfully at a later date. Finally, the results of colonic ma-
nometry by prior colonic diversion have been used as a successful guide to surgery
in 10 of 12 children.?? A variation on this theme has been the use of colonic manometry
to select patients for subtotal colectomy, based on findings said to be consistent with
colonic neuropathy.?3

Effect of coexistent outlet obstruction Some studies have demonstrated a deleterious
effect of untreated disorders of rectal evacuation,?* whereas others have not.® Some
groups have treated coexistent abnormalities of the pelvic floor preoperatively.
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A recent study of 106 patients demonstrated that despite preoperative biofeedback
training, patients with nonrelaxing pelvic floor (n = 16) had significantly higher rates
of recurrent defecatory difficulty, and lower rates of satisfaction after colectomy.?®
Postoperative biofeedback has been used by others.2® Rectal hyposensation seems
to confer a significant detrimental effect on outcome.?"-2”

The effect of coexistent upper gastrointestinal dysmotility It is generally accepted that
patients with small bowel dysmotility have poor outcomes after colectomy.?428:29
A fall in long-term success rate (as a result of recurrent constipation or intractable
diarrhea) was demonstrated by a long-term prospective study by Redmond and
coworkers 28 (successful outcome 90%: no gastrointestinal dysmotility versus 13%
gastrointestinal dysmotility) and one from Stockholm (no gastrointestinal dysmotility:
100% versus 55% with gastrointestinal dysmotility including two deaths).’ A high
postoperative morbidity from recurrent small bowel obstruction (70%) has also
been shown in such patients.?®

The role of laparoscopic surgery With the safe use of laparoscopy to other areas of
colorectal surgery and the disproportionately high adhesional obstruction rates after
colectomy for constipation, laparoscopic colectomy has been reported in several
very small case series.®® Only one retrospective study compared laparoscopic with
open colectomy for STC with 17 patients undergoing an open and 7 a laparoscopic pro-
cedure.®" The laparoscopic colectomy group were more satisfied with the cosmetic
outcome but had longer operation times (mean increase of 74 minutes) and increased
complications.?' In the future, the combination of laparoscopy with tailored segmental
rather than subtotal resection would have the advantage of not requiring the acknowl-
edged technical challenges of mobilizing both colonic flexures laparoscopically.

Special considerations: idiopathic megabowel A proportion of patients with dilatation of
colon or rectum are forced to seek a surgical solution to their symptoms when conser-
vative therapy is ineffective, is poorly tolerated, or because of complications.®?
Numerous surgical procedures have been attempted in patients with idiopathic meg-
abowel, including subtotal or segmental colonic resection, rectal and pelvic floor pro-
cedures, and fecal diversion. The results of these have recently undergone systematic
review.33 In brief, colonic procedures either address the dilated bowel or have as their
rationale the presentation of liquid stool to a dysfunctional rectum, which itself is not
addressed (subtotal colectomy). The lower morbidity and mortality of these proce-
dures make them attractive but functional results can be poor. Rectal procedures
have higher success rates but are associated with significant morbidity and mortality
(principally from intraoperative hemorrhage and pelvic sepsis). Fecal diversion
remains a possibility but is an unattractive prospect in young patients. Two proce-
dures that are gaining greater recognition are restorative proctocolectomy with ileal
pouch formation (outcome reported in 22 patients in the literature, being successful
in 73% [range, 57%-100%)] 33) and a novel procedure, the vertical reduction recto-
plasty.3* The latter, at medium-term (5-year) follow-up, was successful in achieving
and maintaining correction of rectal diameter, compliance, and sensory function in
most of 10 patients, and this was translated into clinical benefit with no operative
mortality and minimal morbidity.?

Anterograde colonic enema

The anterograde colonic enema technique was first described by Malone and
coworkers®® in 1990 using the appendix as a conduit in children with neuropathic
constipation. Various modifications have subsequently been described.
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Rationale The purpose is to maintain efficient emptying of the lower bowel through
regular irrigation of water or saline, with or without aperients, by a catheter inserted
into the proximal colon.

Indications and patient selection The use of anterograde colonic enema should be
considered as an alternative to colectomy or stoma when conservative methods of
laxatives have failed and more radical surgery is to be avoided because of recognized
lack of efficacy (particularly severe outlet obstruction) or unacceptability (eg, in chil-
dren). In patients with previous appendicectomy or in whom the appendix cannot
be satisfactorily used, cecostomy may be effected using a percutaneously placed
Chait tube®® or surgically by more complex techniques, such as stapled tubularized
cecal neoappendicostomy®” or continent colonic conduit.>®

Results and complications In general, success rates have been lower in adults®” than in
children.®%3° Despite early functional success, in the long term, such complications as
stomal stenosis and leakage, or failure effectively to treat symptoms, commonly
(>50% at 3 years) lead to revision, reversal, or conversion to stoma.®’

Current position controversies The role of anterograde colonic enema in adults is less
clear than in children. There are no trials comparing anterograde colonic enema
with other therapies for constipation in any group of patients.

Stoma

A stoma may be used as a definitive procedure, as a guide to further treatment, or as
salvage from failed or complicated prior surgical intervention. There are little published
data to support an evidence-based use; however, the suggestion that an ileostomy
can guide the use of colectomy is an approach used by the authors and others*®
when subsequent colectomy would be avoided if the ileostomy output is unsatisfac-
torily high or symptoms, such as pain and bloating untouched by diversion. As a defin-
itive procedure both colostomy and ileostomy have been described for a diversity of
adult and childhood disorders characterized by constipation including spinal cord
injury, megacolon, and outlet obstruction.*™ There is little evidence to guide choice
of ileostomy or colostomy“2; however, some report high complication rates of ileos-
tomy“® and STC may be unsatisfactorily treated by colostomy.**

Evolving Surgical Treatments

Sacral nerve stimulation

First applied in urology and thence FI*® (see later), SNS is increasingly being consid-
ered as the first-line procedural intervention in constipation after failure of conservative
measures.

Rationale As in FI, the mechanism of action of SNS is not conclusively proved and may
involve direct effects on colorectal sensory or motor function or central effects at the
level of spinal cord or brain.4®

Indications Although yet to be clearly established, SNS will probably come to have
a role in idiopathic constipation (with or without proved transit disturbance) that is
resistant to conservative treatment (laxatives, behavioral modification) before more
radical measures, such as resectional surgery or anterograde enema, are considered.

Results Although sacral root (parasympathetic) Brindley stimulation was described for
neurogenic constipation in 1991,%” it was not until 2002 that the St. Mark’s group first
described the application of SNS in its current form in three pilots of small numbers of
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patients with severe idiopathic constipation, some of whom had STC.*8-%° From a clin-
ical perspective, these demonstrated (1) symptomatic benefit of temporary stimulation
for a 3-week period in two of eight patients with STC;%° (2) symptomatic and quality-
of-life benefits of permanent stimulation in three of four patients (two with STC);*° and
(8) demonstration of efficacy with a crossover design of two patients with stimulation
“on” and “off”.® A recent multicenter European study of 65 patients with normal or
STC has subsequently built on these results with 43 (66%) patients going on to perma-
nent stimulation on the basis of 50% symptom improvement.5' In this group, there
were significant improvements in nearly all symptoms and quality-of-life measures.5’
The relatively high success rate in this study should be tempered by a very recent
study of 19 patients with mixed STC and outlet obstruction that demonstrated
a more modest success rate of 42%.%2

From a mechanistic perspective, the earlier temporary stimulation study of Malouf
and colleagues,50 which comprised eight patients with STC, showed no effect on
colonic transit times even in the two patients with improved symptoms. This contrasted
with another mechanistic study, in which six of eight patients with STC benefited from
SNS.%3In this study, stimulation caused significant alterations in the incidence of colonic
high-amplitude propagating contractions,®® the main functional correlate of which is
thought to be mass movements of stool, and whose incidence has been shown to be
reduced in patients with STC compared with control subjects. In the larger European
study, transit times were normalized in one half of patients with STC at baseline.?’
More consistent is the effect of SNS to improve rectal sensory function.®%5" This has
been well reported for F1 46 and is also of interest mechanistically given that a significant
proportion of patients with STC or outlet obstruction have reduced perception of rectal
filling often with accompanying loss of defecatory urge (ie, rectal hyposensitivity).5*

Currentposition controversies Common to both studies of Fland constipation is the rather
arbitrary definition of success as a 50% improvement in symptoms and the subsequent
failure of study design to incorporate intention-to-treat analysis. Long-term data are still
lacking in respect to constipation. Nevertheless, as suggested by a recent Cochrane
review,%® the limited evidence suggests that the procedure holds promise for selected
patients. The effects on reducing bloating and abdominal pain (poorly addressed by other
modalities of treatment) in most studies %°' suggest that patients in which these symp-
toms predominate may perhaps be benefited most (although this requires confirmation).

Stapled transanal rectal resection: STARR

Following the introduction of stapled hemorrhoidopexy in the 1980s, there has been
recent interest in using circular staplers in the management of obstructed defeca-
tion.%® This procedure, although perhaps also addressing anatomic abnormalities
excluded from this article (eg, rectocele, prolapse, intussusception), is briefly
described on the basis that obstructed defecation (with constipation) may be treated
in some patients who have no such evident proctologic abnormalities.

Rationale Obstructed defecation encompasses a number of symptoms that in part or
whole may relate to a number of clinical and physiologic findings, such as perineal
descent, rectocele, and intussusception. The stapled transanal rectal resection proce-
dure resects internally prolapsed rectum with the aim of improved function (perhaps
through improved rectal compliance and sensation and volume).

Indications The procedure is indicated for failed prior conservative management in
patients with characteristic symptoms and clinical or physiologic findings of
obstructed defecation. A number of specific exclusion criteria also exist.®”
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Results In the last 4 years, several publications have attested to the successful results
of this procedure in treating obstructed defecation symptoms (eg, 88% in one
study).5® The procedure has the advantage of minimal postoperative pain; however,
numerous quite serious complications (eg, fistula) have been described %7 in up to
50% of patients.>®

Current position controversies There is a requirement to define criteria better for the
procedure and long-term results. Complications remain a concern.

SURGICALTREATMENT OF FECAL INCONTINENCE
Introduction

Most patients with mild to moderate symptoms successfully respond to conservative
management, and this must be considered as first-line therapy. Therapeutic strategies
comprise pharmacologic, behavioral, and physical modalities. Only patients who fail
to respond to such measures (ie, those with severe symptoms or major incontinence)
should be referred to a specialist tertiary center for further investigation and consider-
ation for surgical intervention. The surgical management of Fl is often complex, and in
common with any surgical procedure has its own inherent risks and complications. It
should be reserved for patients with severe incontinence with impaired quality of life
who have failed, or are deemed unsuitable for nonsurgical management. The manage-
ment of patients with Fl in a specialist surgical unit involves a multidisciplinary team of
professionals. Because patient selection is crucial for a successful outcome, the
importance of a thorough and comprehensive clinical and physiologic assessment
cannot be overstressed. Because no form of surgical intervention offers certainty of
cure, preoperatively counseling before surgery is obligatory.

The following description concentrates specifically on the choice of surgical proce-
dure appropriate to the underlying pathophysiology of the incontinence. Detailed,
objective assessment yields four broad clinical categories of patients with Fl. These
include patients with predominantly (1) simple, structural defects of the anal sphinc-
ters; (2) weak but intact anal sphincters; (3) complex disruption of the anal sphincter
complex; and (4) extrasphincteric abnormalities. The surgical interventions available
to address such abnormalities and their outcomes are shown in Table 2.

Historical: Correction of Abnormalities of the Pelvic Floor

Traditionally, pelvic floor procedures (postanal repair, anterior levatorplasty, total pel-
vic floor repair) have been performed for patients without a specific sphincter defect
who suffer with idiopathic or neurogenic incontinence. Such procedures involved pli-
cation of various components of the pelvic floor musculature (levator ani, puborectalis,
and the external anal sphincter [EAS]) to reconstitute the anorectal angle and lengthen
the anal canal. Follow-up studies following postanal repair and anterior levatorplasty
have revealed disappointing results with typically only one third to one half of patients
having improved continence, with no observed difference between the two proce-
dures in comparative studies.®® Total pelvic floor repair involves a combination of
postanal repair with anterior levatorplasty and sphincter plication, but only achieves
improved continence and quality of life in approximately one half of all patients.®"
A recent Cochrane review of randomized trials has confirmed no difference in numbers
of patients achieving full continence in anterior levatorplasty compared with postanal
repair, total pelvic floor repair compared with anterior levatorplasty, and total pelvic
floor repair compared with postanal repair.?® Although once popular in the United
Kingdom and Europe, pelvic floor procedures are now far less frequently performed.
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Contemporary

Correction of abnormalities and augmentation of the native anal sphincter complex
Sphincteroplasty Surgery to the anal sphincter complex has largely been confined to
repair of EAS defects, because repair of isolated internal sphincter defects has not
proved successful in patients with passive fecal soiling.%? Anterior EAS defects usually
follow obstetric trauma, and may be repaired immediately if identified at the time of
injury. Delayed repair is more frequently performed, however, because of unrecog-
nized injury or failure of primary repair. Such repair may involve direct apposition, or
overlapping, of the edges of the disrupted sphincter.

Rationale Sphincteroplasty aims to restore anatomic integrity and function to
a disrupted EAS.

Indications and patient selection Direct repair is appropriate in patients with isolated
defects affecting one third or less of the circumference of the EAS on endosonography.

Results and complications Most studies addressing the functional outcome of sphinc-
teroplasty report early success rates of 70% to 90%,%%%* but are generally restricted
to short-term follow-up. Reported success rates at 5 years fall to approximately
50%.%%%6  Furthermore, some patients may develop problematic evacuation
disorders.®®

Current position controversies

1. Redo sphincteroplasty following failed repair. Given the 70% to 90% short-term
and 50% long-term success rates of sphincteroplasty, it is clear that some
patients have persistent FI after surgery. Because many of these patients have
residual anterior sphincter defects, it is possible to perform a repeat sphincter
repair. The outcome of repeat sphincter repair does not seem to be affected by
previous surgery, and is associated with significant improvements in patient
continence scores.®”

2. Overlapping versus direct sphincter repair. Previously, sphincter repair was
performed by apposition of the separated edges of the external sphincter. More
recently, superior results have been suggested if an overlapping repair is performed,
which is now largely considered the operation of choice for definable sphincter
defects. Arecent Cochrane review has revealed that outcome is the same, however,
regardless of whether the sphincter repair is direct or overlapping.®°

3. Influence of clinical and physiologic factors on outcome of repair. It has been sug-
gested that certain factors, such as patient age and pudendal nerve function, may
be important in predicting outcome following surgery, although the literature is
largely contradictory in this regard. Some studies have reported increasing age
(especially in those >50 years) as a predictor of failure.?® In contrast, others have
found no influence of age on functional outcome®* or even a superior functional
outcome in patients older than 50 years compared with their younger counter-
parts.®® Controversy also exists relating to pudendal nerve function. Several
studies have implicated pudendal neuropathy as a predictor of failure following
sphincteroplasty.®® Other studies have failed to identify any relationship®® and
conclude that repair of anatomic sphincter defects should still be considered in
the presence of pudendal neuropathy.”®

Sacral nerve stimulation
Rationale The exact mechanism of action of SNS remains unclear °° with the initial,
and intuitive, premise that SNS would directly augment anal sphincter function and
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improve FI now questioned by more detailed physiologic studies. Indeed, the obser-
vation that improved continence occurred without change in anal sphincter function
has led to the suggestion that SNS has predominantly suprasphincteric effects. The
mechanism of action of SNS is not conclusively proved and may involve direct effects
peripherally on colorectal sensory or motor function, or central effects at the level of
spinal cord or brain.*®

Indications and patient selection Early studies of SNS in Fl restricted inclusion of
patients to those with a functionally deficient but morphologically intact anal sphincter.
With increasing experience of the technique the inclusion criteria have extended to
include patients with EAS defects;”" internal anal sphincter (IAS) defects;”? and FI
secondary to cauda equina syndrome”2 and (partial) spinal injuries.”*

Results and complications Initial reports of SNS detailed successful short-term results
in small numbers of patients, with marked improvements in clinical symptoms associ-
ated with improvement of physiologic parameters, such as anal canal pressures and
rectal sensory function.”®>7® Significant improvements in quality of life have been
demonstrated using both generic and incontinence-specific measures.”” The results
of multicenter studies of SNS also support these findings, with a marked, unequivocal
improvement in Fl and patient quality of life,”®”® with such improvements being
sustained in the medium term (24 months).&°

A recent systematic review of the published outcomes of trials investigating SNS
revealed that 40% to 75% of patients achieved complete fecal continence and 75%
to 100% experienced improvement in episodes of incontinence, with a low (10%)
incidence of adverse events.®® Further confirmation of the effectiveness of SNS in
the treatment of Fl was recently demonstrated in a randomized, controlled trial where
it was found to be superior to treatment with best supportive therapy (pelvic floor
exercises, bulking agents, and dietary manipulation) in terms of improvement in fecal
continence and the Fl quality-of-life scores.®! The availability of this level 1 evidence,
which is lacking for most surgical procedures for Fl, allows SNS to be considered as
a contemporary treatment option for Fl rather than one that is evolving.

Current position controversies

1. Reporting of outcomes and definition of success. As noted in the constipation sec-
tion, the arbitrary definition of success as being a 50% reduction in incontinence
episodes, while satisfying the indications for permanent stimulation, is of little
comfort to the patient who may still have significant, albeit reduced, episodes of
Fl. Again, the failure to account for drop-outs (ie, those patients not going on to
permanent stimulation) in the reporting of outcomes (ignoring the convention of
clinical trials to use intention-to-treat analyses) should be noted.

2. Long-term results. Current outcome studies of SNS are limited to medium-term
follow-up, and whether such benefit is maintained in the longer-term is currently
unknown. Accordingly, patients should be counseled appropriately until long-
term data are available.

3. Range of indications for SNS in FI. There are some preliminary data suggesting that
SNS can be successfully applied to patients with Fl secondary to neurologic con-
ditions”®74 and those with anal sphincter defects.”’"”2 Indeed, there is a growing
body of evidence that suggests that patients with de novo EAS defects or defects
after unsuccessful previous sphincter repair receive benefit from SNS”' and that
there is no difference in medium-term outcome between patients with EAS defects
and patients with intact anal sphincter muscles.®? The contemporary view is that
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a morphologically intact anal sphincter is not a prerequisite for success in the treat-
ment of Fl with SNS and that EAS defects of less than 33% of the circumference
can be effectively treated primarily without repair.”’

Creation of a new anal sphincter (neosphincter)

Electrically stimulated (dynamic) graciloplasty Encirclement procedures involving trans-
position of skeletal muscle around the anus to create a neosphincter have been per-
formed for many years. The gluteus maximus, adductor longus, and obturator internus
muscles have all been used, although the gracilis muscle is the favored option, being
the most superficial medial adductor muscle with a sufficiently plastic neurovascular

supply.83

Rationale Gracilioplasty involves reconstruction of the anal sphincter using native
skeletal muscle. When first performed, improvements in continence were dependent
on causing a degree of anal canal obstruction and the results were generally poor. The
procedure gained popularity following description of the dynamic graciloplasty, how-
ever, which involved the application of chronic low-frequency electrical stimulation to
the muscle by a subcutaneously placed generator, transforming it to a slow-twitch
nonfatigable muscle capable of a tonic state of contraction.?48 The electrode lead
is connected to the stimulator, which is implanted subcutaneously. On-off function
of the stimulator, allowing defecation to take place, is governed by a hand-held
magnet.

Indications and patient selection The procedure is reserved for carefully selected
patients in whom the anal sphincter musculature is irreparable and who are desperate
to avoid a stoma. This includes those with disrupted anal sphincters that are unsuit-
able for or have already failed the procedures discussed previously, together with
those who have a damaged or absent (often as a result of congenital defects) IAS
resulting in severe passive leakage, refractory to all other treatments.

Results and complications In prospective multicenter trials, between 56% and 72% of
patients undergoing dynamic graciloplasty have achieved and maintained a successful
outcome, with the best outcomes observed in those with traumatic incontinence, 8687
with similar success rates (42%-85%) observed in a recent systematic review.® The
only outcomes have thus far been reported by centers with a particular interest in the
procedure, where continence to at least solid and liquid stool has been reported in
approximately 70% of all patients at median-term follow-up.8%°° It should be noted,
however, that this procedure has never been the subject of controlled or comparative
trials.®0

Dynamic graciloplasty operations are technically demanding and may be associ-
ated with high morbidity, with infection reported in up to one third of cases.®” In addi-
tion, postoperative evacuatory disorders occur in up to one quarter of patients and are
more difficult to resolve.®® It seems likely that the procedure should be confined to
specialist colorectal centers, and reserved for carefully selected patients.

Artificial bowel sphincter Anal sphincter reconstruction can also be performed using
a synthetic sphincter device. Having been used for many years in the treatment of uri-
nary incontinence, the first successful use of an artificial sphincter for the treatment of
Fl was in 1987.°"

Rationale The contemporary device consists of an inflatable silicon cuff, which is
implanted around the anal canal and controlled by the patient by a pump located in
the scrotum or labium majus. Activation of the pump forces fluid from the cuff into
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a reservoir implanted suprapubically in the space of Retzius, deflating the cuff and
allowing defecation. Subsequently, the cuff automatically reinflates slowly to maintain
continence until the next evacuation.®"

Indications and patient selection The indications for use of this procedure are broadly
the same as for dynamic graciloplasty. It may additionally be used in Fl of neuromus-
cular origin (eg, myasthenia gravis and neuropathy secondary to diabetes mellitus).

Results and complications Several groups have reported their experiences with the
artificial bowel sphincter in small numbers of patients with overall improvements in
continence in approximately one half to three quarters of patients.®%% Further, artifi-
cial bowel sphincter, unlike dynamic graciloplasty, has been the subject of a prospec-
tive, randomized, controlled trial where it was demonstrated to be better than
conservative treatment in improving continence.®* Long-term outcome seems less
encouraging, however, with two studies with a median follow-up of approximately
7 years documenting success rates of less than 50%, explantation rates as high as
49%,%%9 and infection in up to one third of cases.®® As with dynamic gracilioplasty,
there seems to be a high incidence of postoperative evacuatory difficulties, which
are present in up to one half of patients.®2:%3

End-stage and refractory fecal incontinence

Permanent end stoma As for constipation, fecal diversion usually by colostomy is an
option in end-stage, devastating Fl affecting quality of life. Most patients (83%) who
have a permanent end colostomy fashioned for Fl report that the stoma restricted their
life “a little” or “not at all” and would “probably” or “definitely” choose to have the
stoma again, although overall quality of life, assessed using generic measures, was
poor.®” A few had not adapted, however, and disliked the stoma intensely.®” Further-
more, there may be a high rate of stoma complications.*®

Evolving

Correction of abnormalities and augmentation of the native anal sphincter complex
Perianal injection of biomaterials Perianal injection of various bulking agents has been
performed in patients with FI. Numerous biomaterials have been injected, details of
which can be found in a recent review article;*® most experience and success has
been achieved with silicone.®®1°°

Rationale The injection of biomaterials physically augments the (internal) anal
sphincter.

Indications and patient selection It is indicated in FI caused by a weak or disrupted
IAS or patients with passive fecal soiling.

Results and complications Injection of silicone seems to be associated with an
improvement in fecal continence and quality of life in patients with internal sphincter
dysfunction, with approximately two thirds of patients showing either marked
improvement or complete cessation of leakage in the short term.®® Longer term
(5 years) revealed little change in their incontinence score compared with before the
procedure, however, with one of six patients requiring a colostomy for Fl and another
for a rectovaginal fistula.’® The considerable morbidity of this procedure has cast
serious doubts on the use of this intervention in patients with FI, although it may be
considered in carefully counseled patients with passive Fl secondary to IAS dysfunc-
tion or defects in whom treatment options are otherwise limited.
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Radiofrequency energy delivery to the anal canal (SECCA procedure) Temperature-
controlled radiofrequency energy has been delivered deep to the mucosa of the
anal canal by multiple needle electrodes using a specially designed anoscopic hand-
piece inserted into the anal canal in patients with FI."°

Rationale The proposed mechanism of action is by heat-induced tissue contraction
and remodeling of the anal canal and distal rectum.?%?

Indications and patient selection Recruitment of patients into studies to date has
included those with Fl refractory to standard medical therapy from varying
causes.’01103

Results and complications In the first reported case series, 8 of 10 patients responded
to the treatment and the modality was found to be safe and associated with improved
continence and quality of life scores.’®! Symptomatic improvement was sustained at
2 years'%? and recently published medium-term data reveal significant and sustained
improvements in symptoms of Fl and quality of life are seen at 5 years after treat-
ment.’® A multicenter trial also confirms the improvements in Fl and quality of life'%®
at least in the short term (at 6-month follow-up). Complications included ulceration of
the mucosa and delayed bleeding.®® There were no changes in the results of anal ma-
nometry pudendal nerve terminal motor latencies or endoanal ultrasound.'®®
A randomized trial to determine its role in the treatment of Fl has been recently
completed in the United States, and the data should be available soon. Further studies
of greater numbers of patients are required before its widespread use can be
recommended.

Correction of extrasphincteric physiologic abnormalities: dysfunction rectal reservoir
In addition to occurring secondary to anal sphincter dysfunction, there is increasing
awareness that FI may also result from suprasphincteric causes, such as dysfunction
of the rectal reservoir. This dysfunction may manifest as an impaired ability to
store'%%196 or evacuate feces.*3* Reservoir dysfunction may occur in isolation, or
combination with other pathophysiologic abnormalities, and may complicate surgical
procedures designed to improve continence.®®86:92 The anterograde colonic enema
may also be used to overcome reservoir dysfunction in patients with (overflow) Fl
secondary to impaired rectal evacuation.

Rectal augmentation for storage dysfunction Rectal augmentation is a novel approach
to correct physiologic abnormalities in a subgroup of patients with intractable Fl sec-
ondary to reservoir dysfunction (akin to the clam enterocystoplasty for the treatment of
the overactive bladder). Even in the absence of anal sphincter dysfunction, patients
may still suffer with severe urgency of defecation and urge incontinence secondary
to derangements of rectal sensorimotor function.’® Such patients have low rectal
compliance and heightened rectal sensation (rectal hypersensitivity).'°® Management
is problematic, because correction of the sphincter defect does not abolish the inca-
pacitating urgency or incontinence.

Rationale A novel procedure was developed to treat selected patients presenting
with incapacitating urgency and FI by specifically addressing the underlying patho-
physiologic abnormalities. The procedure involves the creation of a side-to-side ileor-
ectal pouch, or ileorectoplasty, which involves incorporating a 10-cm patch of ileum
on its vascular pedicle into the anterior rectal wall (Fig. 2) to increase its capacity
and compliance and restore rectal sensitivity to normal.’®®
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Fig. 2. Rectal augmentation procedure. A segment of terminal ileum is isolated on its vascu-
lar pedicle (A) and a side-to-side ileorectoplasty is fashioned using a linear stapler to
increase the capacity and compliance of the rectum (B) (From Williams NS, Ogunbiyi OA,
Scott SM, et al. Rectal augmentation and stimulated gracilis anal neosphincter: a new
approach in the management of fecal urgency and incontinence. Dis Colon Rectum
2001;44:192-8; with permission.)

Indications and patient selection This procedure is intended for patients with severe,
incapacitating fecal urgency and incontinence with evidence of reduced rectal wall
compliance, hypersensitivity to distention, and hypercontractility on prolonged mano-
metric investigation.105:106

Results and complications Initial experience revealed that urgency was abolished and
continence restored in three individuals and that postoperative physiologic investiga-
tion revealed elevated thresholds to rectal distention and a reduction in the number of
high-amplitude rectal pressure waves in all cases.'®® At medium-term follow-up
(4.5 years), there was a sustained increase in rectal capacity, as demonstrated by res-
toration of sensory threshold volumes and rectal compliance to normal limits in all
11 subjects, associated with a concomitant improvement in clinical symptoms
(increased ability to defer defecation and reduced frequency of episodes of inconti-
nence) and quality of life.®”

SUMMARY

With the advent of anorectal physiologic investigations, a detailed understanding of
the pathophysiologic mechanisms underlying constipation and FI is evolving. The
results of tests of anorectal physiologic function help to suggest appropriate rather
than empiric management, particularly when surgical intervention is contemplated.
In those patients referred for surgical amelioration of their symptoms, the integration
of the findings from clinical history, physical examination, and investigations enables
the choice of suitable procedure to be tailored on an individual basis, and to be
directed specifically to the underlying abnormalities.

It should be emphasized that the reported surgical outcome data must be inter-
preted with considerable caution because most available evidence was of low quality,
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being frequently obtained from case series and very often without any control group
data (and when controlled without random allocation to different interventions).’?-33.60
Comparison of different procedures is problematic, and dictates that no firm recom-
mendations can be made about the selection of the most appropriate surgical inter-
vention for individual patients. Such difficulties imply that didactic “patient
pathways” cannot be prescribed in this article. Some tentative observations can be
made on the basis of the published results, however, which in part also reflect the
authors’ opinion. In constipation, surgery should probably be avoided. Where deemed
necessary, because of the lesser morbidity and reversibility of the procedure, SNS
should be considered before colectomy. In Fl, probably all patients in whom surgical
intervention is contemplated should undergo a trial of SNS, regardless of sphincter in-
tegrity. In those with significant isolated sphincter defect and unsatisfactory response
to SNS, a direct or overlapping repair based on the surgeon’s preference should be
performed. This recommendation is in contrast to that of Tan and coIIeagues,108
who in their recent review suggested that patients with FI should only undergo SNS
if sphincteroplasty or injection of biomaterials fails. The level 1 evidence for the effi-
cacy of SNS in the treatment of Fl, together with its extremely low morbidity, make
it more attractive than these other options, both of which lack this quality of evidence
and both of which have (considerable) associated morbidity. Lack of available data
and variability in outcomes in morbidity mean that one cannot be prescriptive about
the role of the other procedures for Fl discussed in this article, although they may
be considered in end-stage cases. The need for better designed and conducted
surgical trials in these areas cannot be overstated.
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Hemorrhoids and anal fissures are common benign anorectal conditions that form
a significant part of a colorectal surgeon’s workload. In this review we summarize
and evaluate the current techniques available in their management.

HEMORRHOIDS

Hemorrhoids are enlarged vascular cushions within the anal canal. They are usually
found in three classical locations: left lateral, right anterior, and right posterior (3, 7,
and 11 o’clock). They lie beneath the epithelial lining of the anal canal and consist
of direct arteriovenous communications and surrounding connective tissue. These
vascular cushions are a normal part of human anorectal anatomy, participating in
the venous drainage of the anal canal. They also appear to have a role in the mainte-
nance of continence, contributing to resting anal pressure.

Epidemiology

The exact incidence of this common condition is difficult to estimate because many
patients are reluctant to seek medical advice for various personal, cultural, and socio-
economic reasons. Epidemiologic studies report a prevalence ranging from 4.4% in
adults in the United States to over 30% in general practice in London. A peak in prev-
alence is seen between 45 and 65 years of age and the development of hemorrhoids
before the age of 20 is unusual.'3

Etiology

The main theories regarding the pathophysiology of hemorrhoidal disease are
centered on abnormal dilatation of veins of the internal hemorrhoidal venous plexus,
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abnormal distention of the arteriovenous anastomosis, and prolapse of the cushions
and the surrounding connective tissue. Increased anal sphincter pressure is also de-
scribed as an etiological factor and is a reasonably consistent finding, but it is unclear
if this is cause or effect.*

The role of mucosal prolapse in hemorrhoidal disease is uncertain. Some regard this as
a completely different process, while others consider it an integral part of the hemorrhoidal
disease.® Straining, inadequate fiber intake, prolonged lavatory sitting, constipation, diar-
rhea, and such conditions as pregnancy, ascites, and pelvic space-occupying lesions
may contribute to development of the disease. The common factor appears to be the
association with elevated intra-abdominal pressure. A family history of hemorrhoidal
disease has also been suggested to be relevant, but there is no direct evidence of a hered-
itary predisposition and these observations are probably more related to environment.58

Classification

The dentate line gives rise to the simplest classification of hemorrhoidal disease.
External hemorrhoids originate distal to the dentate line and are lined with modified
squamous epithelium. Internal hemorrhoids originate proximal to the dentate line
and are covered with mucosa. In some patients the two types coexist.

In Golligher’s classification, internal hemorrhoids are subdivided into a further four
grades according to the amount of prolapse. In first-degree hemorrhoids there is
bleeding but no prolapse. Second-degree hemorrhoids may prolapse beyond the
external sphincter and be visible during evacuation but spontaneously reduce.
Third-degree hemorrhoids protrude outside the anal canal and require manual reduc-
tion, while fourth-degree hemorrhoids are irreducible and are constantly prolapsed.
The problem with this classification is that it gives no indication of the extent of the
patient’s symptoms and emphasis is on prolapse.

Clinical Evaluation

Symptoms

Most patients present with painless bleeding, but some experience swelling, discom-
fort, discharge, soiling, or pruritus. Pain on defecation with associated bleeding is
more suggestive of a thrombosed external hemorrhoid or an anal fissure. Internal hem-
orrhoids usually become symptomatic only when they prolapse, become ulcerated,
bleed, or thrombose. External hemorrhoids may be asymptomatic or be associated
with discomfort or bleeding from ulceration, or acute pain if complicated by thrombo-
sis. Bleeding from hemorrhoids rarely causes anemia, and patients who present with
anemia require further investigation of the gastrointestinal tract.®

Diagnosis

The diagnosis is usually simple on inspection of the perineum, rectal examination, and
proctoscopy. This differentiates hemorrhoids from other anorectal pathology, such as
skin tags, anal warts, fissures, fistulas, tumors, polyps, and prolapse. Large external
hemorrhoids are easily seen on inspection and proctoscopy allows internal hemor-
rhoids to be visualized in the classical positions.

Patients over the age of 40 who have suspected hemorrhoidal bleeding cannot be
assumed to have no other colorectal pathology and should be referred for a specialist
opinion. Most will then require additional evaluation by flexible sigmoidoscopy, colo-
noscopy, CT colonography, or barium enema. Indications for formal colorectal inves-
tigation are as follows:

Iron-deficiency anemia
Positive fecal occult blood test
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Age 50 years or older, with no complete colon evaluation within 10 years

Age 40 years or older, with positive family history for a single first-degree relative
with adenoma or colorectal cancer diagnosed at age over 60 years and no com-
plete examination within 10 years

Age 40 years or older, with positive family history for two or more first-degree
relatives with adenoma or colorectal cancer diagnosed at age over 60 years
and no complete examination within 3 to 5 years

Any history or physical finding indicating malignancy or inflammatory bowel
disease

Many colorectal units in the United Kingdom now use protocols that allow direct access
to investigation based on standardized proformas completed by general practitioners.

Patients with hemorrhoids and associated soiling or incontinence may require
anorectal physiology studies and endoanal ultrasound as these patients have a higher
risk of developing incontinence after surgery. These investigations are often instructive
in tailoring treatment and in cases where surgery is being considered.

Treatment

Conservative treatment

Dietary fiber supplementation improves symptoms and is generally recommended to
all patients.'® The evidence for other lifestyle modifications, such as improving anal
hygiene, taking sitz baths, increasing fluid intake, relieving constipation, and avoiding
straining, is scarce, but these measures are routinely employed in the treatment and
prevention of hemorrhoids.

Well-designed studies have found no evidence to support the use of any of the
myriad of over-the-counter topical preparations that contain low-dose local anes-
thetics, corticosteroids, keratolytics, protectants, or antiseptics. The use of these
agents is widespread for symptomatic relief but the long-term use of these products,
particularly steroid preparations, may be detrimental and should be discouraged.

Venotonics, such as flavonoids, have been used as dietary supplements in the treatment
of hemorrhoids. The mechanism of action of these drugs remains unclear. They are
claimed to improve venous tone, reduce hyperpermeability, and to have anti-inflammatory
effects. Meta-analysis of currently available studies does not support the use of these
agents, despite their popularity in some parts of the world."" The Food and Drug
Administration does not currently approve the use of flavonoids in the United States.'?

Outpatient treatments

A range of interventions are available in the outpatient management of hemorrhoidal
disease. These include sclerotherapy, rubber-band ligation, infrared coagulation,
hemorrhoidal artery ligation, bipolar diathermy, and cryotherapy.

Sclerotherapy Injection sclerotherapy was first described 2 centuries ago and has
been performed with a variety of agents but most commonly with 5% phenol. A proc-
toscope passed through the anal canal into the rectum is then withdrawn until the
hemorrhoidal tissue prolapses into view. The submucosa at the base of the hemor-
rhoid is then injected with 5 mL of 5% phenol oil. The sclerosant produces an inflam-
matory reaction with intravascular thrombosis and submucosal fibrosis, which
minimizes the extent of the mucosal prolapse and reduces the hemorrhoidal tissue.
Patients undergoing multiple injections can experience pain and discomfort. Injudi-
cious injection of sclerosant must be avoided because it can cause chest and upper
abdominal pain if injected directly into the hemorrhoidal vein'® or cause erectile dys-
function if parasympathetic nerves are damaged.'* Rare cases of hepatic
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complications after sclerotherapy for hemorrhoidal disease have been described'®
and local infection and abscess formation are uncommon, but may occur. Antibiotic
prophylaxis is indicated for patients with valvular disease or immunodeficiency as
transient bacteremia is not unusual after sclerotherapy.'®

Sclerotherapy is recommended for patients with symptomatic nonprolapsing
grades | to Il hemorrhoids. It is not suitable for external hemorrhoids. Its popularity
has diminished, perhaps as a consequence of evidence indicating that rubber-band
ligation produces superior results'”'® and that conservative treatment with fiber
supplementation may be as effective.’®

Rubber-band ligation The technique of applying rubber bands to hemorrhoids was first
described over 40 years ago. Ligation of the hemorrhoidal tissue with a rubber band
causes ischemic necrosis and ulceration, which results in reduction of the prolapsed
hemorrhoidal tissue and in fixation of the connective tissue to the rectal wall. Band
ligation at three sites can be performed at a single clinic visit and improved banding
devices allow the procedure to be performed without assistance.

The rubber bands are deployed at the base of the internal hemorrhoid proximal to
the dentate line, as banding at or below the dentate can cause severe pain. Common
complications include discomfort for several days after the procedure, which can be
minimized by sitz baths, mild analgesics, and stool softeners. Injection of a local
anesthetic does not reduce the discomfort associated with multiple banding.2® Other
complications include late hemorrhage (1 to 2 weeks after the procedure), slippage of
the band, urinary retention, and, rarely, pelvic or perineal sepsis.?'?® Rubber-band
ligation is contraindicated in patients taking anticoagulants because of the risk of
delayed hemorrhage.

Meta-analysis of available studies suggests band ligation is the most effective out-
patient procedure for hemorrhoids,?! providing a cure in 79% of patients with grade |
to grade Il hemorrhoids. Almost 20% of patients have a relapse requiring repeat
banding and roughly 2% fail to respond.?* Dietary fiber supplementation increases
the long-term cure rate after banding.2®

Endoscopic band ligation There is now increasing enthusiasm for endoscopic banding
using a flexible scope,?® as opposed to the conventional method, which employs
a rigid proctoscope. Banding is performed in a manner similar to that for banding of
esophageal varices. The retroflexed endoscope allows unparalleled views and photo-
graphic documentation. Multiple bands can be applied in one session, and further
bands can be applied at subsequent sessions. Endoscopic hemorrhoidal ligation
appears to be simple, safe, and effective. Results are good for hemorrhoids and
mucosal prolapse, and the long-term recurrence rate is low (3.3%-9%).2” The tech-
nique is at least as effective as conventional banding and may require fewer treatment
sessions.?® It has some clear advantages, apart from cost. Indications for use are the
same as for conventional banding.

Infrared coagulation This technique employs infrared light, which penetrates the tissue
and converts to heat with resultant coagulation and fixation of hemorrhoidal tissue.
The infrared probe is applied to the apex of each internal hemorrhoid and repeated three
times on each hemorrhoid. Its main limitation is that it can only be used to treat grade | and
small grade Il hemorrhoids.'® If an external component is to be treated with infrared co-
agulation, anesthesia is needed. The main advantages are that it is painless and compli-
cations are rare. In a meta-analysis of randomized controlled trials, infrared coagulation
was found to be significantly less painful than rubber-band ligation, but required more
sessions to relieve symptoms, had a higher recurrence rate, and was more expensive.?!
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Doppler-guided hemorrhoidal artery ligation Doppler-guided hemorrhoidal artery liga-
tion (DGHAL) was first described by Morinaga and colleagues®® in 1995. This tech-
nique uses a Doppler transducer to identify hemorrhoidal arteries, allowing their
selective ligation with sutures placed above the dentate line. The insertion of a ring
of sutures results in a reduction of hemorrhoidal prolapse while interrupting the feed-
ing vessels. DGHAL, which can be performed as an outpatient procedure with local
anesthesia and sedation or as a day case, is successful in the treatment of grade Il
hemorrhoids. It appears to have none of the drawbacks of formal hemorrhoidectomy,
such as pain, incontinence, or stenosis.2%-33 DGHAL does not appear to have a role in
the management of grade VI hemorrhoids, but early results are promising®* and the
technique is gaining popularity. Further studies should determine its place in the
management hemorrhoidal disease.

Other techniques

Electrocoagulation Bipolar diathermy and direct-current electrotherapy cause coagu-
lation and fibrosis after local application of heat. The success rates of these methods
in treating grade | and |l hemorrhoids are similar to those of infrared coagulation, with
relatively low complication rates.3®

Cryotherapy Cryotherapy uses cold coagulation (nitrous oxide or liquid nitrogen) to
destroy hemorrhoid tissue.®® The procedure results in profuse, foul-smelling discharge
and pain due to necrosis. Recovery is prolonged and cryotherapy is no longer recom-
mended for the treatment of hemorrhoids.

Surgery
Surgery, in the form of formal hemorrhoidectomy, is associated with pain and the risk
of uncommon but serious complications of incontinence and anal stenosis. Indicated
in less than 10% of patients referred for specialist treatment, it is generally reserved for
(1) grade Il hemorrhoids not responding to banding, (2) grade IV hemorrhoids
(prolapse), (3) large external hemorrhoids or combined internal and external compo-
nents, and (4) concomitant anorectal pathology requiring surgery.

Surgical hemorrhoidectomy is a very effective treatment with high cure and low
recurrence rates. These procedures are now performed in a day-surgery setting in
many centers.

Hemorrhoidectomy Excisional hemorrhoidectomy can be performed as an open or
closed procedure. In the United Kingdom, the Milligan-Morgan hemorrhoidectomy
is the most commonly performed. The hemorrhoid is dissected off the anal sphincter,
its vascular pedicle ligated, and the wounds left open to heal by secondary intention
with skin and mucosal bridges. The Ferguson hemorrhoidectomy is favored in the
United States. The hemorrhoid is exposed in the anoscope, then excised and ligated,
and the wounds closed.®’

Four randomized trials have compared open versus closed hemorrhoidectomy.38-41
Both techniques are safe and effective, with no consistent difference in postoperative
pain, analgesic use, hospital stay, or complication rates. Wound healing showed
mixed results, as dehiscence of primarily closed wounds prolonged healing times
beyond that of the open technique.

The Harmonic Scalpel and LigaSure have been employed in excisional hemorrhoi-
dectomy. These instruments allow the procedure to be performed more rapidly and
provide a dry operating field, but do not appear to offer any other specific advantages
and randomized controlled trials show no improvement in postoperative pain.*>=4°
These methods have the obvious disadvantage of increased costs.
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The complications of hemorrhoidectomy include urinary retention (2%-36%);
bleeding (0.03%—-6%); infection (0.5%-5.5%); anal stenosis (0%—6%), usually as
a result of inadequate mucosal bridges; and incontinence (2%-12%).2" Sphincter
defects associated with incontinence have been documented by endoanal ultrasound
and manometry in up to 12% of patients after hemorrhoidectomy.46-4°

Postoperative pain remains a significant problem and most patients do not return to
work for 2 to 4 weeks after surgery.*® Local anesthesia, glyceryl trinitrate (GTN) paste,
and simultaneous lateral internal sphincterotomy have been attempted to reduce
postoperative pain without convincing benefit.59-5* Sphinterotomy should not be
performed as it exacerbates continence impairment.3® Postoperative analgesics,
laxatives, and prophylactic metronidazole appear to reduce pain and convalescence
after day surgery.5®

Stapled hemorrhoidopexy Longo developed the stapled hemorrhoidectomy or hemor-
rhoidopexy in the mid-90s and since then it has gained popularity, particularly in the
Far East. The procedure is also known as the procedure for prolapsed hemorrhoids
and stapled anopexy. The technique employs a circular stapler, which performs a cir-
cumferential resection of mucosa and submucosa above the hemorrhoids, stapling
the defect closed with a single firing of the staple gun. The prolapsing hemorrhoidal
tissue is resuspended back into the anal canal and the arterial inflow is interrupted
in a manner similar to that for DGHAL. The hemorrhoids are not removed, but rather
returned to their normal anatomic position.

There are no wounds, less incontinence, less pain, and a shorter recovery period
compared with excisional hemorrhoidectomy.%” Recurrence rates are higher and,
although complication rates are no higher than those for conventional hemorrhoidec-
tomy, a number of serious complications were documented following the introduction
of the stapled hemorrhoidopexy.®® These included bleeding, rectal perforation, recto-
vaginal fistulas, occlusion of the rectum, and perineal and severe pelvic sepsis.®® Sim-
ilar complications have been described for most treatments for hemorrhoidal disease.
A recent Cochrane systematic review®® concluded that the procedure was as safe as
conventional hemorrhoidectomy but that its main drawback was recurrence.
Consequently, with the procedure for prolapsed hemorrhoids, the need for further
subsequent procedures is comparable to that for excisional hemorrhoidectomy.

The main role for the procedure for prolapsed hemorrhoids appears to be in the
treatment of grade Il and lll hemorrhoids that have failed outpatient treatment. It
may have a role in treating grade IV hemorrhoids that are reducible under anesthesia,
but recurrence in this situation appears to be a problem.

Acutely thrombosed hemorrhoids The management of hemorrhoids in an elective
setting has been emphasized in this review but patients occasionally present with
acutely thrombosed prolapsed hemorrhoids as an emergency. This is a very painful
condition that most surgeons would manage, at least initially, with a conservative
approach. Ice packs, stool softeners, local anesthetic cream, metronidazole, and
ditiazem can be helpful. Emergency surgery is occasionally required for those patients
who do not settle, but can be associated with significant morbidity.61:62

The management of hemorrhoids in certain special situations in summarized in
Fig. 1.

Summary

Hemorrhoids remain a common problem and comprise a significant percentage of
a colorectal surgeon’s workload. A wide and still expanding range of procedures to
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of Symp ic Haemorrhoids

———

Full history and examination including Exclude malignancy with appropriate
rectal exam and proctoscopy rectal and colonic imaging

Crohn’s Disease

Minimalist approach. Only
perform tissue-damaging
procedures if anorectal disease is
controlled and cover with
appropriate antibiotics

Grades 1 and 2 | | Grade 3

e
Dietary manipulation if appropriate

Injection sclerotherapy,
Photocoagulation or Banding
according to operator preference

| | Grade 4/Acute

| Special situations

Surgical hemorrhoidectomy or
Stapled hemorrhoidopexy if the
haemorrhoids are circumferential or
associated with prolapse

Pregnancy
Dietary advice, treat constipation/straining.
Local treatment with injection +/- banding.
Surgery for acute disease or resistant

. - nd
symptoms ideally in the 2™ trimester or
puerperium

Recurrent symptoms

Reconsider diagnosis, Is there
another pathology that could
account for the patient’s
symptoms?

Immuno-compromised patients
Cover all patients with antibiotics
and use conservative management
where possible

Daycase where possible.
Laxatives, NSAIDs, Metronidazole
GTN cream.

Fig.1. Management of anal fissure. (From Steele SR, Madoff RD. Systematic review: the treat-
ment of anal fissure. Alimentary Pharmacology & Therapeutics 2006;24(2):247-57; with
permission.)

treat the condition have been developed and the data generated from studies
comparing one technique to another is overwhelming (Table 1).

It is safe to say that no one treatment is a panacea. Hemorrhoidal disease is
a heterogeneous condition that requires the surgeon to select the most appropriate
treatment for the problem that the patient presents. The treatment of hemorrhoidal
disease should therefore be tailored to the individual.

FISSURE IN ANO

An anal fissure is a painful tear or split in the distal anal canal. Patients typically
complain of severe anal pain during and after defecation, lasting minutes to hours.
Bleeding, in the form of bright red blood, is commonly seen either on the toilet tissue
or streaking the stool surface.

Table1

Treatment options for hemorrhoidal disease

Treatment Indications Evidence Grading
Sclerotherapy Grades | and Il Level 1
Rubber-band ligation Grades |, I, and IlI Level 1
Endoscopic banding Grades |, II, and 11l Level 2
DGHAL Grades Il and Il Level 2
Electrocoagulation Grades | and Il Level 2
Cryotherapy No current role

Hemorrhoidectomy Grades II-1V, external Level 1
Stapled hemorrhoidopexy Grades II-11I Level 1
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Anal fissures may be classified as acute or chronic according to length of symptoms
and typical morphologic appearances. The majority of acute fissures heal spontane-
ously, but a proportion become chronic and this is usually defined as a persistence
of symptoms beyond 6 weeks or by the presence of visible transverse internal anal
sphincter (IAS) fibers at the base of a fissure. Associated features include indurated
edges, a sentinel pile, and a hypertrophied anal papilla. The medical community
should establish clear classifications for fissures. It is likely that the absence of ac-
cepted definitions for chronic fissures has led to widely differing healing rates with var-
ious interventions reported in the literature. Lindsey and colleagues®® have described
a chronic anal fissure as “the presence of visible transverse internal anal sphincter fi-
bers at the base of an anal fissure of duration not less than 6 weeks.”

Anal fissures are most commonly seen in the posterior midline, although 10% to
20% in women and 1% to 10% in men are located in the anterior midline. Fissures
located off the midline suggest the presence of underlying pathology, such as Crohn
disease, syphilis, or anal cancer, and generally require further evaluation with an
examination under anesthesia and biopsy to establish a diagnosis.®*

Chronic fissures are associated with IAS spasm and ischemia, the relief of which is
central to achieving healing whether a surgical or medical approach is taken.?®

Pathogenesis

The exact mechanism surrounding the pathophysiology of anal fissures has not been
clearly established. The current hypotheses are centered on anal sphincter tonicity
and blood flow.

It is thought that the initiating factor is trauma to the anal canal, possibly due to the
passage of hard stool, but constipation is not always reported and some patients
describe repeated episodes of diarrhea. Constipation, by repeated aggravation of
the anal canal, is likely to play a role in perpetuating an anal fissure. Increased resting
pressures within the IAS in patients with fissures®®"° has been described as another
perpetuating factor and anorectal manometry has consistently demonstrated that IAS
tone as measured by the resting pressure is elevated in fissure patients versus con-
trols.”""72 Maximal voluntary contraction of the external anal sphincter remains similar
between the two groups and the IAS alone seems to be responsible for the hyperto-
nicity.”® There is relative ischemia in posterior midline of the anal canal’* and this is
exacerbated by increased tone, a key factor in preventing fissures from healing.

Internal Anal Sphincter Physiology

The understanding of the physiology of the IAS has improved significantly in recent
years and this provides the rationale for current nonsurgical treatment.

The resting tone of the IAS depends on intracellular calcium concentration, and
contraction of the smooth muscle cells within the IAS is mediated by influx of calcium
through calcium channels and by stimulation of «1-adrenoreceptors at the smooth
muscle cells.

Activation of a2-adrenoreceptors in the myenteric inhibitory neurons presynaptically
inhibit nonadrenergic, noncholinergic (NANC) relaxation. Relaxation of these cells is
mediated through directly decreasing intracellular calcium concentration as well as in-
creasing cyclic guanosine monophosphate and cyclic adenosine monophosphate.
Potassium influx hyperpolarizes the cell membrane and decreases calcium entry.
In addition, inhibitory neurotransmitters, such as nitric oxide and vasoactive intestinal
peptide, mediate NANC relaxation. Nitric oxide is the major neurotransmitter mediat-
ing NANC relaxation of the IAS.”>76 L-arginine, a precursor of nitric oxide, has been
found to relax IAS smooth muscle perhaps by increasing substrate for nitric oxide
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synthase, the enzyme involved in nitric oxide synthesis.”” A preliminary study has
shown reduced nitric oxide synthase in the IAS of patients with anal fissures compared
with controls.”® The reduced production of nitric oxide provides a possible explanation
for the high IAS pressures seen in most fissure patients and also why pressures return
to pretreatment values in patients whose fissures have healed with medical treatment.
The “chemical” sphincteromy lasts only as long as the treatment is continued.”®

Treatment

Conservative management

The aim of treatment of an acute fissure is to break the cycle of a hard stool, pain, and
spasm. This can be accomplished by adequate fluid, fiber, and, if necessary, stool
softeners. Up to 90% of patients diagnosed with acute fissures heal with these
measures alone, but chronic fissures usually require medical or surgical therapy.

Medical therapy

Increased understanding of anal sphincter physiology, coupled with concerns regard-
ing long-term impaired continence as a consequence of surgery, has driven enthusi-
asm for pharmacologic treatments for chronic anal fissure. These agents have been
developed with the aim of creating a reversible reduction in the abnormally high resting
sphincter pressure until the fissure has healed.

Glyceryl trinitrate GTN was the first pharmacologic treatment used in creating
a “chemical sphinterotomy.” Nitrates are metabolized by smooth muscle cells to
release nitric oxide, the principle nonadrenergic, noncholinergic neurotransmitter in
the IAS. Its release results in IAS relaxation and increased anodermal blood flow.
The usual course is 0.2% GTN, applied topically two or three times daily, for 8 weeks.

The first randomized trial involved patients receiving 0.2% GTN (twice daily for
8 weeks) or placebo.®° Healing rates were significantly higher in the GTN than in the
placebo group (68% versus 8%; P < 0-001). Perhaps unsurprisingly, there followed
great enthusiasm for topical GTN. The treatment significantly reduces pain on defeca-
tion after 2 weeks, even in patients who don’t heal. Repeated applications may be
necessary and are safe. Higher dosing does not improve outcome but, interestingly,
does not appear to worsen side effects.®'~83 The most common of these are headache
(27%) and hypotension (6%).

However, subsequent trials did not replicate the initial positive results and healing
rates are lower than expected with one Italian study demonstrating no difference com-
pared with placebo.84#5 Medium-term relapse is a problem, side effects common, and
compliance is uncertain. The overall healing rate in Nelson’s recent Cochrane meta-
analysis is 48.6% compared with 37% with placebo, but late recurrence is common,
in the range of 50% of those initially cured.®® The high rates of failure mean that the
question of how to treat GTN-resistant fissures is significant. Despite this, GTN is
safe, readily available, and has a modest but significant effect compared with placebo.
It remains first-line treatment in many centers.

Calcium channel blockers Calcium channel blockers prevent influx of calcium into
smooth muscle cells, decreasing intracellular calcium and preventing smooth muscle
contraction with a consequent reduction in resting IAS pressure.8”-°° Oral agents
appear to have poorer healing rates and higher rates of side effects than topical prep-
arations. Topical calcium channel blockers (diltiazem 2%, nifedipine 0.3%) achieve
fissure healing to a degree similar to that reported for topical nitrates, but with fewer
side effects and better compliance.®’ Recurrence rates after long-term follow-up
appear to be no better than treatment with GTN.
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Botulinum A toxin injection Derived from exotoxin produced by the bacterium Clostrid-
ium botulinum, botulinum A toxin is a potent neurotoxin. Its effects on smooth muscle
are well documented and, when injected into the IAS,%2%3 it produces a chemical
denervation of motor end plates with a subsequent decrease in resting anal pressure
and improved perfusion. The treatment is more invasive than the topical ointments but
does not have the same problems with compliance and can be performed in an out-
patient setting. It provides a reversible chemical sphincterotomy and represents
a novel nonoperative treatment in the management of chronic anal fissure. Side
effects, such as temporary minor incontinence and urgency, appear to be infrequent
and reversible. Its major disadvantage is its cost, but this has to be set against the cost
of surgery.

In one prospective randomized trial that compared injection of 20 U of botulinum
toxin with 0.2% GTN twice daily, the botulinum toxin group was associated with
significantly improved healing rates (96% versus 60%, P = .005).%* Similar
prospective studies, while not achieving such successful rates of healing, have found
approximately 80% of patients with initial healing at 6 months.®5:%¢

The issue of recurrence after botulin toxin injection remains to be determined and
there is still debate regarding the ideal location of injection (into the IAS, external
anal sphincter, or the intersphincteric groove) and optimal dose. A number of studies
use 20 U divided in one to four injections but there is evidence that higher doses can
give better results. In combined analyses botulin toxin was found to be no better or
worse than topical nitrates,®” but botulin toxin is effective in healing 50% to 70% of
patients with fissures resistant to topical nitrates,®® and it may have a role in the treat-
ment of refractory fissures either alone or in combination with topical nitrates.®®

A Cochrane review of nonsurgical therapy for anal fissure has concluded that
medical therapy for nonhealing fissures may be applied with a chance of cure that
is marginally but significantly better than that for placebo, but far less effective than
surgery and a high recurrence rate.®” Nonetheless, the risk of using such therapies
is not great, without apparent long-term adverse effect, and treatment can be
repeated. Medical treatment can therefore be used in individuals wanting to avoid
surgery, with surgery being reserved for treatment failures.

Other nonsurgical treatment

A variety of other agents have been used in the treatment of anal fissures. These
include the nitrous oxide precursor L-arginine,'®° alpha-1 receptor antagonists,’®
angiotensin-converting enzyme inhibitors,’® and hyperbaric oxygen.'®® None has
demonstrated advantages over currently available therapy and data is limited at
present.

Surgery

Surgery represents traditional management of chronic anal fissure. Manual dilatation
and internal sphincterotomy have been employed to create a permanent reduction in
resting anal pressure.

Manual dilatation of the anus Manual dilatation was once first-line treatment for chronic
anal fissure. The aim was to reduce sphincter tone by controlled manual stretching of
the internal sphincter. A variable number of fingers are inserted into the anal canal and
lateral distraction exerted on the sphincter and sustained for a period. This procedure
frequently produced an uncontrolled tearing of the sphincter muscles resulting in
incontinence, with characteristic findings on anal endosonography.'04-196
Speakman and colleagues'®* evaluated 12 men with fecal incontinence after
manual dilatation and found that 11 had gross internal sphincter disruption and
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3 had associated external sphincter damage. Both prospective'%1%° and retrospec-

tive1%-112 studies have documented the risk of incontinence after manual dilatation.
Incontinence to flatus is of the order of 0% to 27%. Anal stretch, in its classical
form, carries a higher risk of fissure persistence or recurrence and of impaired conti-
nence compared with internal sphincterotomy.’'® There is no role for its continued use
in the modern management of anal fissure.

However, the concept of anal stretch has been revisited more recently using
controlled balloon dilatation with a standardized protocol that overcomes the problem
of reproducibility. Limited available data suggest results comparable to those for
lateral internal sphincterotomy.’™ Further studies are required to evaluate this
technique.

Lateral internal sphincterotomy Internal sphincterotomy was first described by
Eisenhammer in 1951.""% The original method of dividing internal anal sphincter mus-
cle in the posterior midline fissure bed often led to a “keyhole” or “gutter” deformity
with associated impaired continence. Lateral internal sphincterotomy (LIS) was then
developed by Notaras.''® The procedure remains the surgical treatment of choice
for management of anal fissures refractory to nonsurgical therapy and may be offered
without a trial of pharmacologic treatment.!16:117

The procedure involves division of the internal anal sphincter laterally as an open
procedure under direct vision or blindly through a stab incision. 820 The length of
IAS divided varies, with some surgeons dividing muscle from the distal end of the
fissure to the dentate line and others taking muscle equal in length to the fissure, !
an approach that attempts to diminish the risk of impaired continence. The fissure
itself does not require excision or fissurectomy as this encourages deformity. LIS
may be done with the patient under local, regional, or general anesthesia, and can
be combined with other procedures for concomitant anorectal pathology.'??

LIS is effective in healing anal fissures with rates of 90% to 100% and low recur-
rence (1%-3%), but this comes with a price of risk of incontinence, the incidence of
which has been variably reported from 0% to 50%.'2% However, incontinence suffi-
cient to cause any measurable impairment in quality of life is uncommon, in the range
of 3% to 5%,'24125 but, unlike continence impairment on medical therapy, it may be
permanent. Outcome data on these patients is surprisingly absent and no study has
compared incontinence after LIS with other groups with continence impairment.

It is unclear why some series report such high incontinence rates after LIS. The
procedure appears to be well controlled with careful division of muscle under vision
but it seems that standardization and reproducibility are problems, just as they are
with manual dilatation. Sultan and colleagues'?® evaluated the extent of sphincterot-
omy with the use of anal ultrasonography and showed a high incidence of inadvertent
full-length division of the IAS, a problem that appears to be more common in women
as a result of overestimation of the length of the shorter female IAS. Farouk and
colleagues'?” investigated patients with persistent fissures after LIS by anal ultraso-
nography and revealed that over 70% had no internal sphincter defect, whereas
several had incurred an external sphincter defect. It seems reasonable to conclude
that the wide range of continence impairment after LIS may be a function of disparate
surgical techniques among units and individual surgeons. Patient selection likely plays
a role because others have documented on anorectal physiology and ultrasound
unexpected obstetric injuries after LIS.128

Patients with preoperative incontinence problems should not undergo LIS and
relative contraindications include those with irritable bowel syndrome or diabetes
and elderly or postpartum women. Women with a prior obstetric injury and
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a nonhealing fissure present a difficult problem and it is inadvisable to proceed with
LIS in such patients without satisfactory preoperative anal manometry and endoanal
ultrasound.

There is no rationale for LIS in patients with a fissure and normal or subnormal IAS
tone as hypertonicity is not an issue in this subgroup.'?® Patients with low-pressure
fissures and those with significant birth injuries are probably better served with an
anal advancement flap.30:131

Summary

The choice of treatment remains difficult. Surgery is very effective but high healing
rates come with the risk of continence impairment. Publications on treatment and out-
come for incontinence after sphincterotomy for fissure are absent and so the duration
and magnitude of this problem are uncertain. Medical therapy with GTN is safe and
represents a good first line of treatment. The 30% to 50% of patients with chronic
fissures resistant to GTN can subsequently be offered second-line treatment with top-
ical diltiazem or botulinum toxin injection and, in some cases, lateral internal sphinc-
terotomy. Patients at high risk of continence disturbance should be identified and
evaluated by anorectal manometry and ultrasound before surgery is offered.
All patients considered for surgery should be fully cognizant of the potential risks
and benefits before giving informed consent as some may wish to persist with an
alternative medical therapy.
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Rectal prolapse, intussusception (occult rectal prolapse), solitary rectal ulcer
syndrome (SRUS), and rectocele are common pelvic floor disorders that share
many clinical features and have a common pathogenesis. Chronic constipation, espe-
cially an evacuation disorder, is often an underlying problem that leads to these abnor-
malities. For example, chronic straining may cause intussusception of the rectal
mucosa, which subsequently can develop into a full-thickness rectal prolapse. A pro-
lapse may cause excessive stretching of the rectal mucosa that can lead to mucosal
injury and cause a rectal ulcer. Furthermore, chronic straining and difficulty with evac-
uation may induce a rectocele. Because these problems are interrelated, an integrated
multidisciplinary approach is required for their management.

RECTAL PROLAPSE
Definition, Etiology, and Pathogenesis

A complete rectal prolapse is defined as the protrusion of all layers of the rectal wall
through the anal canal. If the rectal wall prolapses but does not protrude through
the anus it is called an “occult rectal prolapse” or a “rectal intussusception.” A rectal
prolapse should be distinguished from a mucosal prolapse; in the latter there is only
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protrusion of the rectal or anal mucosa. The incidence of rectal prolapse is approxi-
mately 2.5 per 100,000 inhabitants, with a highest incidence among elderly women.
In adolescents, the gender ratio is equal.?

In the elderly patient with a rectal prolapse both a weak pelvic floor and a mobile
rectum are present. Straining over many years (caused by longstanding constipation)
is believed gradually to weaken the pelvic floor causing pudendal nerve damage, and
this in turn may lead to weakness of the internal and external anal sphincters.® These
pathophysiologic changes facilitate protrusion of the rectal wall through the anus.
Furthermore, pudendal neuropathy caused by either aging or obstetric injury may
play a role.*

There are two theories regarding the development of rectal prolapse. In 1912,
Moschcovitz proposed that a deep pouch of Douglas may allow the small bowel to
protrude into the lower anterior rectal wall.> This protrusion together with a mobile
mesorectum and mesosigmoid may allow the development of a rectal prolapse. In
1968, Broden and Snellman® used cinematography and suggested that intussuscep-
tion from the rectosigmoid region was the main cause.

Symptomatology

The most common complaint is a protrusion of the rectum through the anus, usually no
greater than 15 cm (Fig. 1). The rectum is often edematous with a fragile mucosa and
small ulcerations. It is always possible to push back the prolapse, unless there is stran-
gulation. Passage of mucus and blood is common. Fecal incontinence is associated
with rectal prolapse in 20% to 100% of patients, depending on the patient’s age.”
These patients have a very weak pelvic floor with low external anal sphincter
pressures.”~® Constipation is common and is found in up to 70% of patients with rectal
prolapse.’” Pre-existing dysmotility, dyssynergic defecation, or intussusception are
also possible predisposing factors.'%!

Diagnosis

The diagnosis is made by inspecting the perineum while asking the patient to strain as
if to defecate. If the prolapse cannot be evoked on the examination table, the patient is
asked to strain in the lavatory. The upright position and privacy are often helpful.
Although additional tests are available, they play little role in the patient’s manage-
ment, but provide insights into the pathophysiology and are useful for research
purposes.

Imaging Investigations

Defecography can demonstrate prolapse through the anus, but is not necessary for
demonstrating a full-thickness rectal prolapse. The anorectal angle is often obtuse
in patients with a rectal prolapse, especially in those with coexisting fecal inconti-
nence.'>'3 |In addition many other features seen with obstructed defecation, such
as rectocele, sigmoidocele, or enterocele, may coexist.'®'"

Anal endosonography may show asymmetry and thickening of the internal anal
sphincter and submucosa. Demonstration of a sphincter defect can be useful if
a sphincter reconstruction is being considered.

Anorectal Function Tests

Anal manometry shows low resting pressure and patients with coexisting fecal incon-
tinence have low squeeze pressures.®'* After surgery, either there is no change'® or
improvement of the resting pressure and sometimes the sphincter length.®16:17
Squeeze pressure may also improve.’®'” The rectoanal inhibitory reflex may also
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Fig. 1. Rectal prolapse. Before (A), during (B), and after (C) straining.

improve after rectopexy.® '8 These changes may be caused by cessation of constant
dilatation of the internal sphincter by the prolapsed rectum.

Rectal sensitivity and compliance measurements have demonstrated a normal
maximal tolerable volume and pressure. After rectopexy, the rectal pressure at max-
imal tolerable volume increased significantly and the compliance decreased.'® Biome-
chanics and visceroperception show diminished rectal sensitivity and compliance.’*
Anal sensitivity is also diminished in patients with rectal prolapse and remains unal-
tered after surgery.?°

Electromyography has provided insights into the pathogenesis of fecal incontinence
but has no place in clinical work-up and hardly any in research. Abnormalities can be
found in patients with a rectal prolapse, but these results do not predict continence
after rectopexy.?! Another study found that injury to the pudendal nerve may be
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responsible for postoperative incontinence,?? but this was not confirmed in two other
studies.?’-23

Colonic transit time has been shown to be prolonged before surgery.?* Furthermore,
patients with rectal prolapse have an abnormal motility associated with reduced high-
amplitude propagated contractions. Colonic transit time performed before and after
a Ripstein rectopexy showed a delayed transit postoperatively.25:2°

Treatment

Correction of rectal prolapse is surgical, but how this should be done is reflected in the
following remark of Charles Wells in 1959: “I have traced in the literature between 30
and 50 operations for prolapse in the rectum and would like to add still one more”.?”
The traditional treatment for complete rectal prolapse consists of either transabdomi-
nal or perineal approaches. The parameters used to assess the success of surgery are
the improvement of incontinence and constipation, and a low recurrence rate. Until
recently, abdominal rectopexy, with or without high anterior resection, has been advo-
cated as the treatment of choice for complete rectal prolapse.”?%2° Because most
patients are elderly and are not always fit to undergo an abdominal procedure, various
perineal approaches, such as Delorme’s procedure or perineal proctosigmoidectomy,
have been recommended in the past. Two developments have changed this attitude in
the last few years: the introduction of the laparoscopic approach;3° and the need to
consider, because of the frequent association of an enterocele or genital prolapse
with the rectal prolapse,®' some form of obliteration of the Douglas space or colpo-
pexy along with the rectopexy.®? In a recent meta-analysis that compared the open
with the laparoscopic rectopexy both were equally efficacious with regards to the
recurrence, morbidity, and length of stay.3® The laparoscopic approach by minimizing
the operative trauma has almost superceded the open approach and can be consid-
ered suitable for the elderly population. In many it can be combined with other proce-
dures, such as colpopexy and eventually anterior resection. In this way, perineal
operations are only indicated in high-risk groups of patients.

Surgical Technique

Abdominal rectopexy
All classical abdominal procedures, such as the Ripstein-Wells operation, imply differ-
ent grades of rectal mobilization, with or without anterior resection of the rectum
followed by fixation of the rectum to the promontory (rectopexy). Nowadays, laparo-
scopic approach is the choice for most surgeons for this abdominal fixation, even
though it is unclear which procedure is ideal: the posterior rectopexy or the laparo-
scopic ventral recto(colpo)pexy.

Patients are prepared by giving mechanical bowel preparation and prophylactic
antibiotics. The bladder should be emptied before the start of the operation by intro-
ducing a catheter.

Modified ripstein procedure by laparoscopic approach

The patient is placed in the supine position on a short “bean bag” with the legs held in
leg rests, to facilitate the inspection and digital examination during surgery. The
patient is placed in a steep Trendelenburg’s position. A four-port technique, placed
in the lower abdomen, is used. The 30-degree laparoscope is introduced under the
umbilicus, a 12-mm port at the right lower quadrant, another 5-mm port right lateral
of the umbilicus, and finally another 5-mm port in the left lower quadrant. If present,
the uterus is fixed to the ventral abdominal wall using a temporary suture (Fig. 2A).
The rectum is subsequently mobilized taking care to identify the left ureter and the



Rectal Prolapse, Rectal Intussusception

Fig. 2. Laparoscopic modified Ripstein procedure. (A) Anterior dissection of the rectum.
(B) After posterior dissection of the rectum. Fixation of the mesh to the promontory.
(C) Mesh is attached to the rectum leaving one third of the anterior wall free.

hypogastric nerves. Anteriorly, the rectum is mobilized up to the upper limit of the
vagina; posteriorly, the presacral space is entered and dissected up to the level of
the coccyx. The lateral ligaments and nervi erigentes are left intact (Fig. 2B).

The fixation can be achieved by sutures or by mesh and the fixation can be com-
bined, if indicated, with a high anterior resection. If mesh is used, this is tightly rolled
and introduced into the abdomen and attached at the promontory to the presacral
fascia using an endoscopic hernia stapler device or nonreabsorbable sutures. Subse-
quently, the rectum is held without tension, (paying attention that the prolapse is
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completely reduced) and fixed to the mesh by means of nonabsorbable sutures to the
anterolateral wall of the rectum on each side, so that one third of the anterior rectal
circumference is left free (Fig. 2C).

Laparoscopic ventral(colpo)pexy for rectal prolapse and enterocele
D’Hoore and Penninckx®? described the technique as follows.

Step 1: dissection After retraction of the rectosigmoid a left peritoneal incision is made
over the sacral promontory and extended along the rectum up to the deepest point of
Douglas and to the left. Lateral ligaments and right hypogastric nerve are left intact.
Rectovaginal septum is broadly opened down to the pelvic floor after probing the
vagina to facilitate this maneuver (Fig. 3A). Lateral and posterior dissection is avoided,
leaving lateral ligaments intact. If the pouch of Douglas is redundant, as in enterocele,
the peritoneum is resected. Care is taken to avoid perforation of the rectum during the
dissection.

Step 2: mesh fixation A strip of Marlex trimmed to 3 x 17 cm is introduced in the abdo-
men. The mesh is sutured by means of nonabsorbable sutures to the ventral aspect
and both sides of the lateral border of the distal rectum. The mesh is fixed to the sacral
promontory using either sutures or an endofascia stapler (Endopath EMS, Johnson
and Johnson; C.R. Bard, Inc., Billerica, Massachusetts) (Fig. 3B). The prolapse is re-
duced at the time of mesh fixation.

Step 3: vaginal fornix fixation Posterior vaginal fornix is elevated and sutured to the
same strip of mesh. If no enterocele is present, two sutures on the lateral aspect
are sufficient. In other cases more sutures are placed. In this way a vaginal vault pro-
lapse (middle pelvic compartment) and the enterocele are corrected (Fig. 3C).

Step 4: Neo-Douglas formation Next, the lateral borders of the incised peritoneum are
closed over the mesh using nonabsorbable sutures. This elevates the neo-Douglas
over the colpopexy. The mesh should be covered with peritoneum to avoid fixation
(or fistula formation) of the small bowel (Fig. 3D).

Perineal procedures
The two most commonly used perineal procedures are the perineal proctosigmoidec-
tomy according to Altemeier®* and the Delorme®® procedure.

In the proctosigmoidectomy (Altmeier), the prolapsed rectum is held under gentle
traction and is resected from below, taking care that at least 1 cm of rectum is left
proximal to the dentate line to perform a coloanal anastomosis. The intervention pro-
cedure may be facilitated by the use of mechanical stapling devices.

In the Delorme procedure, the mucosa is removed from the prolapsed rectum after
submucosal injection of epinephrine 1 per 200,000 to avoid unnecessary bleeding.
The mucosal stripping is performed by using a circumferential incision, up to 1 cm
proximal to the dentate line. After removal of the mucosa from the prolapsed rectum,
multiple longitudinal sutures are placed over the exposed muscularis, shortening the
rectum and producing an accordion-like effect like a thick muscular ring. Afterward,
the remaining mucosal ends are anastomosed with interrupted stitches of absorbable
material (Fig. 4).

Results

Elderly patients and a longer duration of follow-up are associated with less favorable
outcome and a higher recurrence rate.®® Recurrence rates for different rectopexy
techniques are low (0%-8%),%” although all of these procedures increase risk of
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Fig. 3. Laparascopic ventral (colpo)pexy for rectal prolapse and enterocele. (A) Rectovaginal
septum is opened after probing the vagina. (B) Mesh is fixed on the sacral promontory.
(C) Posterior vaginal fornix is elevated and sutured to the mesh. (D) Lateral borders of the
peritoneum are closed.

constipation (up to 50%).38 The combination of resection with any form of rectopexy
decreases constipation in almost 75% of patients.”*° Perineal procedures have recur-
rence rates varying from 5% to 21% with no difference in incidence of
constipation.?33%

Recently, laparoscopic rectopexy has been developed as an alternative to the
previously mentioned approaches, and many surgeons regard this as the standard
approach for patients with rectal prolapse. This method combines the good functional
outcome of abdominal procedures with the low postoperative morbidity of the mini-
mally invasive surgery.8-30.32:40.41

In 28 consecutive laparoscopic operations in the authors’ center using a modified
Ripstein procedure, only two partial recurrences were seen (7%). Continence

651



652

Felt-Bersma et al

Fig. 4. Delorme’s transanal resection. (A) Rectal prolapse. (B) Dissection of the prolapsed
mucosa. (C) After extirpation of the prolapsed mucosa the muscular layer is plicated.
(D) After plication of the muscular layer the anastomosis is made.

improved significantly in 76%; 14% developed mild constipation postoperatively and
responded to a high-fiber diet and bulk agents.®

After an abdominal rectopexy,’3¢:373% most patients (50%-88%) show improve-
ment in fecal incontinence, but after the perineal procedure incontinence rates are
higher.?335 |n the authors’ series and others, the return of continence was associated
with a small but significant increase in basal sphincter pressure, recovery of the
rectoanal inhibitory reflex,'®3° and normalization of the internal anal sphincter thick-
ness.®C This suggests that restoration of internal anal sphincter function plays an
important role, and this improvement may be caused by cessation of rectoanal inhibi-
tion, previously induced by the prolapsed bowel,® or improved anal canal sensation.

A major drawback of abdominal rectopexy is constipation. Interestingly, both an
improvement of constipation in 76% of patients3® and an increase in up to 56% of
patients has been reported.®® Colonic denervation resulting in dysmotility and rectal
denervation caused by dissection or division of the lateral ligaments and posterior dis-
section may in part be responsible.?® Preservation of lateral ligaments was associated
with improvement of continence and reduction of constipation.® This is reaffirmed by
the finding that the rectal sensitivity, which has been proved to be impaired after lateral
ligament division, was not changed significantly in patients after the operation.® The
addition of anterior resection to rectopexy is a common surgical treatment for rectal
prolapse in a patient with constipation, but this approach is controversial.*?-44
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Important development is the anterior fixation of the rectum in the ventral recto(colpo)-
pexy.2632 Rectal prolapse is associated with an enterocele in 40% of patients,3! but
also with different grades of prolapse. Simultaneous obliteration of the deep Douglas
space may help prevent symptoms of obstructed defecation. Furthermore, anterior
position of the mesh allows colpopexy or vaginal vault fixation and provides perma-
nent support for the neo-Douglas and middle pelvic compartment, and avoids any
posterolateral dissection of the rectum and ligaments, improving continence and
preventing constipation. The low morbidity (7%), reduced recurrence of 3% to 6%,
improved continence in 90%, and resolution of constipation in 84% makes this the
preferred operation for these patients.?6:32

Predicting the outcome of surgery
The results of preoperative manometry do not predict the functional outcome regard-
ing continence, although patients with very low sphincter pressures have a poor prog-
nosis.?®45 Also, electromyogram abnormalities?” and prolonged pudendal nerve
latency did not predict the risk of postoperative incontinence?’?® except in one
study.??

There is a weak correlation between postoperative increased transit time and post-
operative emptying difficulties.®® Division of the lateral ligaments may be related to
postoperative constipation.38

Postoperative Biofeedback

Postoperative biofeedback can improve external anal sphincter function. In these
groups, however, the most important predictor of fecal incontinence was a low internal
anal sphincter pressure, an abnormality that cannot be corrected with biofeedback.®

Summary

Laparoscopic rectopexy, together with some form of fixation of the middle compart-
ment, offers the best functional results in patients with rectal prolapse and vaginal
vault prolapse.

RECTAL INTUSSUSCEPTION
Definition, Etiology, and Pathogenesis

Rectal intussusception, occult rectal prolapse, or internal procidentia is an intussus-
ception of the rectal wall that does not protrude through the anus and can be classified
into high-grade (intrarectal) and low-grade (intra-anal) intussusception based on the
level of mucosa protruding.#” Although it is associated with solitary rectal ulcer, rectal
prolapse, or perineal descent, the finding per se is not pathologic. In 50% to 60% of
healthy volunteers a rectal intussusception can be demonstrated.?® The rectal intus-
susception in patients with evacuatory dysfunction is more advanced morpholically,
however, than that seen in asymptomatic controls.*® An intussusception seldom leads
to total rectal prolapse.*® Today, many regard this condition as a consequence of
dyssynergic defecation rather than a cause of the problem.

Symptomatology

Patients with high intussusception report feelings of obstructed defecation and incom-
plete evacuation, although many are asymptomatic. Depending on concurrent prob-
lems, such as rectocele, SRUS, pudendal neuropathy, or sphincter damage,
additional symptoms, such as soiling, blood loss, or fecal incontinence, may occur.°
Studies have shown that the presence of an intussusception does not correlate with
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rectal emptying.' Care must be taken when associating symptoms with rectal
intussusception.

Diagnosis

Defecography remains the standard for establishing this diagnosis (Fig. 5A, B).™
Sometimes the diagnosis can be made by rectal examination, but in one study an
intussusception was palpable in only one third of patients.5? Even with defecography
it can be difficult to distinguish rectal intussusception from normal rectal mucosal
folds.3! Newer techniques, such as dynamic three-dimensional CT®® and (three-
dimensional dynamic) anorectal ultrasonography,>*°® can also be of value. Dynamic
MRI can also demonstrate an enterocele, although the lying position and costs are
limitations.5®

Treatment

Conservative treatment aimed at restoring normal defecation is the first line of treat-
ment. A fiber-enriched diet with additional fiber supplementation and sometimes
laxatives may be useful. The next step is biofeedback to restore a normal defecation

Fig.5. Defecography in a 65-year-old woman with an intussusception. At rest (A) and during
straining (B). Anteriorly, a rectocele (C) is visible. There is an indentation of the rectal wall
both anterior and posterior forming an intussusception (arrows). After rectopexy in rest
(C) and after rectopexy during straining (D). The contour of the rectum is sharp without
indentation.
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pattern; this has favorable results.*®%7 In a study of 34 patients, 52% had complete
resolution or improvement of symptoms. Concomitant fecal incontinence also
improved.®” Long-term complaints of more than 9 years had a poor prognosis.

The role of surgical treatment for rectal intussusception is controversial. A Ripstein
rectopexy has been performed and incontinence may improve®® but constipation gen-
erally worsens.5%-€° Unlike patients with a rectal prolapse, there was no improvement
in anal pressures.®® Preoperative diarrhea, fecal incontinence, and descending peri-
neum syndrome and proximal intussusception are associated with a poor prognosis.®’
Only a few patients with obstructive defecation improve, although the intussusception
has disappeared (Fig. 5C, D), indicating that rectal invagination is a consequence of
obstructed defecation.’® Hence, surgery should be avoided. Some patients develop
additional complaints of tenesmus and increased defecation frequency or increased
straining. Delorme’s transrectal excision is an alternative procedure®’-%? and (laparo-
scopic) resection rectopexy®®®4 is a new procedure that claims better results, but
many failures occur. Hence, an intussusception should be considered an epiphenom-
ena and treated conservatively. Surgery should be restricted to highly selected cases
with a large intussusception; concomitant resection of part of the rectum (sigmoid)
seems the best option.

SOLITARY RECTAL ULCER SYNDROME
Definition, Etiology, and Pathogenesis

SRUS was first described in 1830 by Cruveilhier, but was recognized as a clinical entity
in 1969 by Madigan and Morson.®® The estimated annual incidence is 1 to 3.6 per
100,000.%6 About 80% of patients are less than 50 years. Gender distribution is either
equal or there is a slight female preponderance.®® The mean age of presentation is
49 years, and about 25% present after 60 years.®” The condition is associated with
an evacuation disorder. Defecography has shown that an intussusception is often
present and evacuation is delayed.®®%° Ulceration is thought to occur during forceful
straining against an immobile or a nonrelaxing pelvic floor (anismus).®®

Symptomatology

The classical symptoms of SRUS are rectal bleeding, passage of mucus, rectal pain,
excessive straining, and tenesmus. Constipation is present in about 55% of patients.®”
Many patients need digital assistance to defecate but do not admit this. Diarrhea is
seen in 20% to 40% of patients.®” About 25% of patients have no complaints. The
median time between presentation and diagnosis varies between 3 months to
30 years. Retrospective analysis has demonstrated that 26% of patients with SRUS
are misdiagnosed initially and treated for inflammatory bowel disease. Rarely, massive
hemorrhage can occur. In some patients, an underlying psychologic disorder, such as
obsessive-compulsive disorder, may be present.®”

Diagnosis

Sigmoidoscopy with rectal biopsy is diagnostic. The macroscopic appearance of the
typical SRUS ulcer is a small, shallow lesion with a white slough or a hyperemic
mucosal wall, usually on the anterior wall of the rectum (Fig. 6A). Ulceration is present
in about 57%. Polypoid lesions are found in about 25%.56:67-6° Patches of hyperemic
mucosa are found in 18%. Lesions are multiple in 30%.5° SRUS is usually found on the
anterior or anterolateral wall of the rectum, centered on a rectal fold. The distance from
the anus is about 5 to 10 cm.

655



656

Felt-Bersma et al

is edematous. A small scar is visible (arrow). (B) Anal endosonography. The internal anal
sphincter (IAS) is thickened 0.5 mm, normal 1.8 + 0.8 mm. SM, submucosa; EAS, external
anal sphincter. (C) Histology (hematoxiline-eosine, magnification 400x). Rectal mucosa in
solitary ulcer syndrome. The lamina propria shows fibromuscular proliferation. A moderate
chronic inflammatory infiltrate is present. The surface is eroded and covered with fibrin and
debris. Re-epithelialization is apparent. The crypts are distorted and elongated and the
epithelium of the crypts shows depletion of goblet cells. (Courtesy of E. Bloemena, MD,
PhD, Amsterdam, The Netherlands.)

The histologic appearance of SRUS has been well established (Fig. 6C).%%7° The
mucosa is elongated with distorted glands, especially at the base. When the glands
are displaced to the submucosa, superficial bleeding can occur. The lamina propria
is edematous and contains proliferation of fibroblasts. It is also thickened, particularly
the inner circular muscular layer, with less prominent thickening (edema) of the
submucosa. Sometimes there are unique features, such as decussation of the two
muscular layers, nodular induration of inner layer, and grouping of outer longitudinal
layer into bundles.”®

Histologic proof is necessary to differentiate SRUS from ulcers caused by nonste-
roidal anti-inflammatory drugs, malignant conditions, or possibly from malignant
transformation.” Also, rectal endometriosis should be considered in the differential
diagnosis.”?
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Radiologic Investigations

Defecography can provide insights regarding its pathophysiology, but has a limited
role in establishing diagnosis. Abnormalities are found in about 75% of patients with
SRUS, intussusception being most frequently seen in about 45% to 80%. Prolonged
preoperative evacuation time may predict poor outcome after rectopexy.%72

Barium enema may reveal nodularity of the rectal mucosa, thickening of the rectal
folds, stricture formation, polypoid lesions, or ulceration. It is an unreliable method
of diagnosis because it cannot differentiate SRUS from more sinister conditions.®

Ultrasonography can show marked thickening of the internal anal sphincter, submu-
cosa, and external anal sphincter. The rectal wall and the muscularis propria may also
be thickened.”

Anorectal Function Tests

Anorectal function tests do not help in establishing the diagnosis or predicting thera-
peutic response. Either no differences in anal pressure or lower pressures have been
found.®”>7® The rectum is hypersensitive, the maximum tolerable rectal volume is
reduced ** and a high incidence of dyssynergic defecation can be found,®®"% and
balloon expulsion time may be prolonged.

Treatment and Prognosis

Therapy should be aimed at restoring a normal pattern of defecation. The patient
should be instructed to avoid excessive straining and to regulate their defecation
habits, in collaboration with a therapist for pelvic floor exercises or behavioral retrain-
ing. The diet should contain enough fiber and sufficient fluid intake. Modest use of
laxatives should be considered. Psychologic factors should be addressed whenever
appropriate. If these measures do not resolve the problem, surgery may be
considered.

Conservative treatment

Diet and fiber A high-fiber diet can help but by itself is insufficient to obtain healing.
Response rates vary between 19% and 70%.5” Avoiding excessive straining can
improve symptoms in about 67%7° of patients and sigmoidoscopic improvement of
the ulcer may occur in about 30%.

Local treatment Topical steroids and sulphasalazine enemas are not effective.””
Sucralfate enemas have shown some improvement in six patients.”® Local application
of human fibrin sealant has been tried with some improvement in six patients.”®

Physiotherapy and biofeedback training This is the most useful approach. Three studies
have described favorable results of biofeedback. In one study, biofeedback therapy
before and after surgery showed a lower recurrence rate.”® No prognostic factors
were identified.®° Recently, two studies have emerged demonstrating the effect of
biofeedback as first-line treatment in patients with SRUS.

In one study, 16 patients with SRUS and 26 healthy controls were studied. Laser
Doppler mucosal flowmetry was performed before and after biofeedback treatment.
Twelve (75%) of 16 patients reported symptomatic improvement after treatment.
Five (31%) of the 16 patients had sigmoidoscopic ulcer resolution. Biofeedback
resulted in a significant improvement in rectal mucosal blood flow in subjects who
felt subjectively better after biofeedback.®! Another study of 11 patients with refractory
SRUS underwent biofeedback treatment. Nine (82%) patients exhibited dyssynergia.
After biofeedback, straining effort and stool frequency decreased. All five patients
discontinued digital maneuvers and bleeding stopped in 56%. There was complete
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healing in four (36%) patients; more than 50% healing in two (18%) patients; and less
than 50% healing in four (36%) patients.®?

Surgery

The strong association between chronic straining and SRUS suggests that surgery
should be reserved for selected cases, especially because surgery can induce consti-
pation, which is an underlying mechanism for the problem. Generally, a rectopexy is
performed, although anterior resection with rectopexy and Delorme’s procedure has
also been used. Some short-term favorable results have been reported.®384 Surgical
procedures are disappointing, with persistence of symptoms, postoperative bleeding,
and sexual dysfunction.8384

RECTOCELE
Definition, Etiology, and Pathogenesis

A rectocele is a protrusion of the anterior rectal wall usually toward the vagina. Weak-
ness of the pelvic floor leads to a deficiency in the rectovaginal septum (the fascia of
Denonvilliers, which is continuous with the perineal body) (Fig. 7). Deficiency in the
upper half of the septum produces a high rectocele, and that of the lower half a low
rectocele. A rectocele can be classified as low, midvaginal, or high according to the
new standardized terminology.®

Obstetric injury is the major cause of rectocele. Most patients are multiparous but
the condition also occurs in nullipara.®® During childbirth direct damage to the recto-
vaginal septum, pelvic floor musculature, and pudendal nerve may lower the pelvic
floor and enlarge the vaginal outlet (ie, it assumes a more vertical position, and lacks
support from below). In this position, the vaginal opening is unable to close during
straining, creating a pressure gradient between the rectum, which is subjected to
high pelvic pressure and the vagina, which is at atmospheric pressure. Loose ligamen-
tous structures attached to the uterus and upper vagina complete the scenario for
a rectocele. Postmenopausal status is a predisposing factor, especially in nulliparous
women. Hysterectomy is also associated with a rectocele. There is also an association

Fig. 7. Physical examination of a rectocele during straining.
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between anismus and rectocele. A rectocele can be a cause or a consequence of
chronic constipation and is often seen with dyssynergic defecation and
intussusception.®”

Symptomatology

Most symptoms are associated with pelvic floor weakness and rectocele. Few, how-
ever, are specific. Pelvic pain, feeling of prolapse, dragging, constant pressure, and
backache can occur. Constipation and especially difficulty with evacuation of feces
is often reported. Digitally supporting the posterior vaginal wall may promote defeca-
tion. Sometimes patients assist defecation anally. Fecal soiling and urologic com-
plaints and dyspareunia may occur. Many women with uterovaginal prolapse,
however, frequently have symptoms related to bowel function, but this is not associ-
ated with the severity of prolapse.®®

Diagnosis

The diagnosis is made on inspection and digital examination. The patient is asked to
strain in the left lateral or in dorsal lithotomy position. Bulging of the posterior vaginal
wall may become obvious. Additional rectal palpation may help with the diagnosis.
The vagina may be best examined with a single blade of a speculum with separate
blades placed to push the posterior compartment away from the anterior compart-
ment and then vice versa. Physical examination detects most rectoceles and cysto-
celes. In contrast, enteroceles and sigmoidoceles are difficult to palpate.®®
An enterocele can be confirmed versus a high rectocele with the patient straining,
with the index finger in the rectum and the thumb (or index finger of the other hand)
in the vagina.®®

Pelvic Organ Prolapse Quantification

Traditionally, pelvic organ prolapse is graded with the Baden and Walker grading
system.®! Since 1996, a more detailed pelvic organ prolapse quantification system
devised by the International Continence Society is being used.8® Pelvic organ prolapse
quantification uses six measurements to describe the distance from the cervix (or vag-
inal vault after hysterectomy) and defined points of the anterior and posterior vaginal
walls to the hymen during maximum straining. Measurements of the height of the
perineal body, the vaginal orifice, and the total vaginal length are also included in
the pelvic organ prolapse quantification. These measurements result in four stages
of genital prolapse and can be used to draw a schematic picture of the genital
prolapse.

Radiologic Investigation

Defecography can demonstrate the presence and size of a rectocele (Fig. 6B) and
other rectal wall aberrations and an enterocele. Also it can assess the magnitude of
the rectocele and identify concomitant retention. Its use in clinical work-up is, how-
ever, limited.®?

The amount of barium trapped in the rectocele, the evacuation time, and the effect
of digital evacuation can be investigated. The finding of a rectocele is not necessarily
abnormal, because small rectoceles are found in 80% of asymptomatic controls.?®
Rectoceles are associated with poor rectal emptying, especially those over 2 cm,®3
but with poor correlation with symptoms.®* Surgical reduction of the rectocele size
improves rectal emptying but not necessarily symptoms.®® This underlines the impor-
tance of caution in interpreting radiologic findings. Only rectoceles greater than 3 cm
or with significant contrast retention may clinically be relevant. Vaginal opacification
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during defecography can demonstrate displacement of the vagina; cephalad
displacement is suggestive of an enterocele or a rectocele.®® Defecography cannot
predict the outcome of rectocele repair.®2 MRI can also provide good visualization
of a rectocele and pelvic floor movements.®”

Anorectal Function Tests

There are no physiologic findings that are specific for a rectocele. Basal and squeeze
pressures, rectoanal inhibitory reflex, rectal sensation, and rectal compliance are
significantly unchanged, although pelvic floor descent is increased and rectal sensitiv-
ity decreased. Anal manometry can show dyssynergia in some patients.®®® Surgery
does not affect anal or rectal sensation.%®

Treatment

Conservative treatment

The underlying defecation disorder should be treated first. A fiber-enriched diet, bulk-
forming agents, and laxatives should be tried. If dyssynergic defecation is present,
biofeedback should be tried first before considering surgical repair.®®

Surgery

When there is a large rectocele with complaints of a bulge into the vagina or a feeling of
prolapse, surgery should be considered. The success rate of surgery is approximately
75%.19° According to a recent Cochrane review, vaginal approach is associated with
a lower rate of recurrent rectocele or enterocele than transanal approach.'®" Compli-
cations, such as constipation and sexual dysfunction, however, are common™® and
care must be taken when advising surgery.

Posterior colporrhaphy This is the most commonly performed surgical procedure.
The patient is positioned in dorsal lithotomy position. A longitudinal incision is made
in the midline of the posterior vagina wall up to a point above the rectocele, and as
far as the fornix when a high rectocele or enterocele are present. Next, the epithelium
is mobilized laterally from the underlying fascia and anterior rectal wall by a combina-
tion of blunt and sharp dissection, with countertraction on the rectum. Repair includes
correction of the rectal defect with one or more layers of fine separate or running
sutures from proximal to distal. Next, the posterior vaginal wall is sutured, once the
excess lateral edges of the vaginal epithelium have been trimmed to preserve a proper
vaginal caliber. In addition, correction of the perineum may be performed
(perineorrhaphy).0?

In sexually active patients the perineal correction should be limited and performed
with special care to prevent dyspareunia. Sutures running through the puborectalis
portions of the levator ani to support the perineum should be omitted and be replaced
by sutures running through only the bulbocavernosus.

Vaginal protrusion surgery may benefit from the use of vaginal meshes, because
they may reduce the risk of recurrent protrusion. Meshes have been associated
with erosion, shrinkage, and dyspareunia. Recent studies applying newly developed
meshes (eg, polypropylene, monofilamentous, pore size >75 um) report reduced risks
of these complications compared with earlier studies with previously developed
meshes.'% Various meshes and push-through techniques to position the meshes to
both the anterior and the posterior vaginal wall (if required) have recently been
developed. The basic steps are as follows. The vaginal epithelium is resected together
with the rectovaginal fascia. Needle-like guides with cannula’s are placed through the
obturatum membranes and the sacrospinous ligaments from the outside in, on both
sides. The guides are removed and retrieval devices are passed through the cannulas
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on both sides. The meshes are positioned against the anterior rectal wall and the
straps of the meshes are pulled back with the retrieval devices until the wings of the
meshes exit the skin. The meshes are tension-free fixated by sutures. The parts of
the straps exiting the skin are cut and sutures close the vaginal epithelium.'03
Although, new meshes are promising, long-term results are awaited. To date, the
application of these meshes is mainly reserved for recurrent prolapses in elderly
women. 104

Transrectal approach The transanal approach is ideal for a rectocele associated with
dyssynergic defecation. After placing the patient in a jackknife position and gently
introducing the anal retractor, the submucosal plane is infiltrated with a solution of epi-
nephrine 1 per 200,000. The anterior mucosa above the dentate line is incised in
a transversal direction, and in orad direction a rectangular portion of at least 5 cm is
excised depending on the size of the rectocele. The muscular defect in the anterior
wall is plicated longitudinally or transversely with absorbable sutures. The mucosa
is then closed with a continuous absorbable suture.

It is possible to combine the transvaginal and rectal technique.®? The disadvantage
is the formation of a thick fibrotic septum that often causes dyspareunia. A non-
randomized study'®® compared the transvaginal with the transanal techniques and
good results were obtained with both in 46% of patients.

Other techniques Other techniques, such as site-specific vaginal rectocele repair ®° or
abdominal'® or laparoscopic rectovaginopexy,3'% are described with results
comparable with the conventional posterior colporrhaphy.

Prognosis

Although surgery corrects the anatomic defect and symptoms, many side effects may
occur. In one study, posterior colporrhaphy corrected the vaginal defect in 76% of
women and diminished prolapse-related symptoms in 50%. However, there was
a higher incidence of constipation, incomplete bowel emptying, fecal incontinence
and sexual dysfunction'®”-1%, The correlation between symptoms and anatomic de-
fects is weak, especially below stage 2 pelvic organ prolapse quantification (hymen
+ 1 cm). Bulging is the principle symptom that correlates with prolapse severity.%8
Transanal approach to rectocele repair may compromise anal sphincter pressures.’%°
It is important to determine the prognostic factors. Digital or perineal assistance with
defecation is either associated with a favorable outcome®>'"° or makes little differ-
ence, whereas hysterectomy, a large rectocele, use of enemas, and laxatives are as-
sociated with a poor result.®® Slow transit constipation is also associated with a poor
outcome.’"" The effect of dyssynergia on surgical outcome is unclear, with better 112
or similar ®2 outcome than those without.

ENTEROCELE
Definition, Cause, Pathogenesis

Enterocele is defined as a peritoneum-lined sac herniating down between the vagina
and rectum filled with abdominal content, often the small bowel.' 3 It was first reported
in 1932 and considered a rare clinical entity, until in 1973 after a larger series was pre-
sented’' the phenomena became more known in the gynecologic literature. With the
increasing interest in dyssynergic defecation gastroenterologists and colorectal sur-
geons have focused more on pelvic floor abnormalities.'® The frequency is unknown.
Women are more affected and there is a high correlation between pelvic surgery (hys-
terectomy) and enterocele formation. In a series of 912 defecographies, 104 (11%)
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enteroceles were seen and 92% were women. In 76% of patients concomitant find-
ings, such as rectocele, perineal descent, and rectal intussusception, were seen.®

Symptoms

Characteristic symptoms are pelvic pain or heaviness especially when standing, diffi-
culty with evacuation, and feeling of incomplete emptying can be present.''® The pain
and heaviness may disappear when lying down, because of repositioning of the
bowel.

Diagnosis

Enterocele may be diagnosed with physical examination, but it is best made during
defecography (Fig. 8).'"1"6 It is important to opacify the small bowel with contrast.
Typically, oral contrast is given 1 hour before the test. Newer techniques, such as dy-
namic three-dimensional CT 52 and (three-dimensional dynamic) anorectal ultrasonog-
raphy®#+%% and dynamic MRI,% may prove useful. Frequently, an enterocele is found
during posterior colporrhaphy.

Treatment

Because an enterocele lacks specific symptoms, conservative treatment by regulating
defecation and biofeedback should be tried first. Patients with persistent pelvic pain
and constant urge to defecate may require surgical repair. In a study of 25 isolated en-
teroceles, ' five underwent surgery and only one had complete relief of symptoms;
the other four had improvement in straining sensation but defecatory difficulties
persisted.

The choice of surgical procedure is unclear.”’'® Various procedures have been re-
ported to obliterate the deep Douglas’ pouch. The abdominal procedures include ap-
proximation of the uterosacral ligaments, transverse obliteration of the enterocele sac,
or circumferential obliteration of the pelvic inlet with Mersilene mesh. The transvaginal
approach includes repair of vaginal enterocele. Recently, laparoscopic treatment has
been introduced.'”

Fig. 8. Enterocele (arrow) reducing the rectum to a concave structure.
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Ileal Pouch
Dysfunction: Diagnosis
and Management
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Restorative proctocolectomy (RPC) is the elective surgical procedure of choice for
most patients who have ulcerative colitis or familial adenomatous polyposis. RPC
involves removal of the colon and rectum, construction of a reservoir or pouch from
the last 30 to 40 cm of ileum, followed by an ilecanal anastomosis. Today, most sur-
geons use a J pouch or two-loop pouch configuration, owing to the ease of construc-
tion, although other designs such as the W pouch or four-loop pouch may result in
lower frequency of defecation. It is, however, technically more difficult to construct.
In forming the ileoanal anastomosis, the surgeon either can staple or hand-sew the
pouch to the anal canal. This is an important difference, because stapling leaves a 1
to 2 cm cuff of residual rectum in situ, which may become symptomatic and is at
risk of dysplasia. The hand sewn technique includes a mucosectomy to remove virtu-
ally all anorectal mucosa and places the anastomosis just above the dentate line, but it
may be associated with a higher incidence of minor anal leakage.! When an ileostomy
is performed, it is closed at about 8 weeks, provided the anastomosis has healed as
judged by digital examination and a contrast enema.

RPC results in good functional outcomes and quality of life in most patients but fails
in between 3.5% and 17% per cent, necessitating excision of the pouch or indefinite
fecal diversion. The failure rate increases with the duration of follow-up and may occur
early, within the first postoperative year, or at any time thereafter. The overall
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cumulative failure taking all patients irrespective of diagnosis is approximately 5% at 5
years, 10% at 10 years and 15% at 15 years.?

Reports of long-term function over 10 to 20 years have demonstrated a median
stool frequency per 24 hours of four to eight, with about half of patients needing to
evacuate at night. This is stable over 25 years. Urgency is uncommon (5%), although
there is some evidence that it increases with time.®* Fecal leakage during the day oc-
curs in less than 4% of patients and is stable over 25 years. At night, these rates are
4% at 10 years, rising to 9% at 25 years. Seepage during the day and at night occurs in
7% and 9% of patients, rising to 11% and 18% of patients, respectively, at 25 years.
Antidiarrheal medication is required in about a third of patients at 10 years and in 45%
of patients at 25 years.®

For patients in whom failure is threatened, revisional or redo surgery may be indi-
cated. There are four causes of ileal pouch failure: (1) acute and chronic sepsis,
(2) poor function for mechanical or functional reasons, (3) mucosal inflammation (pou-
chitis), and (4) neoplastic transformation. Of these, sepsis is the most common, being
responsible for over 50% of all failures.? Poor function accounts for about a third of
failures and pouchitis for 10%.° Neoplastic transformation is uncommon,® and in these
patients excision of the pouch is indicated. For the larger group of patients without
neoplastic transformation in whom failure is threatened, various factors need to be
considered when advising revisional pouch surgery. These include the feasibility of
success, the magnitude of the proposed operation, the overall duration of treatment,
and the patient’s wishes. The potential morbidity of excision of the reservoir resulting
in a permanent ileostomy also should be discussed, including the possibility of a high-
output ileostomy, pelvic nerve damage, and an unhealed perineal wound. These
complications occur in 50% or more of patients undergoing excision of the pouch.”

SEPSIS

Pelvic sepsis after restorative proctocolectomy occurs in 3% to 25% of cases and its
incidence appears to decrease as surgical experience increases.® Pelvic sepsis may
present in the early postoperative period, or it may be delayed, manifesting as abscess
formation (usually presacral) or fistulation (in females usually into the vagina), often
with a history of an anastomotic complication.

Early Sepsis

Patients who develop sepsis in the early postoperative period have a cumulative
incidence of subsequent failure five times that of the whole population of patients
undergoing restorative proctocolectomy. Symptoms of early pelvic sepsis include
fever, anal pain, tenesmus, and discharge of pus or secondary hemorrhage through
the anus. The diagnosis is established by digital examination (under anesthesia if
necessary), combined with imaging, including contrast pouchography, CT, and MRI.

Management
In a proportion of patients the condition resolves spontaneously. Others need opera-
tive endoanal, or imaging-guided percutaneous, drainage. If drainage of the cavity is
unsatisfactory, an attempt can be made to deroof the abscess and curette the cavity
through the anus, creating a large communication between the abscess and the
reservoir. Sometimes several local procedures are needed to eradicate sepsis. Rarely,
an abdominal approach is indicated. When sepsis is severe enough to warrant
a laparotomy, the functional outcome is poor, often followed by failure.®

When anastomotic disruption is the cause of pelvic sepsis, after drainage and curet-
tage, transanal repair of the anastomosis or advancement of the ileum and resuturing
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of the ileoanal anastomosis have been advocated. In a report of 15 patients who were
found to have partial anastomotic disruption between 7 and 90 days after surgery,
seven were treated by resuturing of the anastomotic defect and counter drainage,
with success in three. Seven others underwent a pouch advancement procedure,
with success in five. Thus, over a follow-up of 1 to 22 months, successful salvage
was achieved in eight of the 15 patients.®

Severe acute pelvic sepsis with extensive anastomotic breakdown occurs in 5% to
15% of patients and results in early failure in around 30% of patients, despite ade-
quate drainage. Attempts at salvage by direct suture may work for some patients.
The occurrence of early sepsis renders the patient at increased risk of subsequent fail-
ure compared with the total population. In a report by Heuschen and colleagues, "
only 16.8% of the 131 patients who had sepsis could be managed conservatively,
the rest requiring some form of surgical procedure. Patients who had early postoper-
ative sepsis, however, were not distinguished from those in whom sepsis developed
during subsequent follow-up, although there was no significant difference in the failure
rate when salvage surgery was undertaken within or beyond 6 months of restorative
proctocolectomy. As might be expected, failure was related to the magnitude of the
procedure, 6.1% per cent after minor intervention (33 patients) compared with
47.3% after major surgery (74 patients).

Delayed Sepsis

Delayed abdominal or pelvic sepsis presents as chronic abscess formation with or
without fistulation. MRI using short-tau inversion recovery (STIR) settings may make
the diagnosis in some patients in whom clinical examination, contrast radiography,
or CT has not been successful. When sepsis is limited, there is a good chance of heal-
ing, provided that drainage is adequate. If resolution does not occur, there are two sur-
gical options, including excision of the pouch or an attempt at salvage, usually by
means of an abdominal approach.

Management
There is a considerable variation in the reported success of abdominal salvage sur-
gery. Satisfactory success rates were reported in a series of 35 patients who had
chronic sepsis, either abscess or fistulation,'? including 22 who had ulcerative colitis,
10 who had Crohn’s disease, one who had indeterminate colitis, and two who had fa-
milial adenomatous polyposis. Twenty-nine patients had leakage from the ileoanal
anastomosis and four from the upper pouch. Overall a pelvic abscess was present
in 25 patients, and 10 had a vaginal and 12 a perineal fistula. All underwent abdominal
revision with detachment of the ileoanal anastomosis, curettage of any chronic ab-
scess cavity with drainage or repair of fistula, and reanastomosis. The median interval
between the first operation and revision was 24 months. At a median follow-up of 18
(range 6 to 105) months, 30 patients had preserved anal function. Twenty-one of the
22 patients who had ulcerative colitis retained anal function, but the functional out-
come was not satisfactory in all cases. The median frequency of defecation per 24
hours was 9.6 times, but the range was considerable, from 4 to 35. Urgency was com-
mon and was constantly present in four patients and intermittent in 14. The quality of
life was reported as good or excellent by 17 patients and fair or poor by 13. Despite
disappointing function in some patients, it is clear that major surgical revision can re-
sult in worthwhile salvage in many.

Others, however, have reported poorer results. In a series of 114 patients who
underwent abdominal salvage surgery for various reasons after RPC, 29 had proce-
dures for intra-abdominal sepsis.’® These included drainage of abscess (three
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patients), diverting ileostomy (18), revision of the pouch (six) and primary closure of fis-
tula (four). Of the 29 patients, 17 still had an ileostomy at the time of assessment, and in
10, the pouch had been removed. Only 10 had satisfactory anal function. The authors
showed, importantly, that failure continues with the passage of time; at 2 years,
34 procedures had failed, and at 5 years, the probability of remaining free of pouch
excision was 75%.

A similar experience was reported in 131 patients who developed early sepsis out
of a total of 706 who had RPC for ulcerative colitis (494) and polyposis (212).'" The
occurrence of early sepsis conferred a higher chance of cumulative failure com-
pared with that in patients who did not develop early sepsis. Furthermore, failure
after attempted salvage rose from 20% at 3 years to 40% at 10 years. Of the
131 patients followed for 51 (interquartile range 31 to 96) months, sepsis was
caused by fistulation in 76% of cases, anastomotic separation in 15% of cases,
and abscess formation alongside the pouch in 10% of cases. The authors classified
the site of fistulation into three levels: level 1 (upper pouch) in 19% of cases, level 2
(lower pouch, rectal cuff) in 31% of cases, and level 3 (ileoanal anastomosis) in 50%
of cases. Sepsis was treated conservatively in 24 cases (18%), by minor surgery in
33 cases (25%), and by major surgery in 74 cases (56%). As might be expected, the
failure rate was higher after major (47%) than after minor (6%) surgery. Overall, fail-
ure was related to sepsis at level 3, the presence of a pouch-vaginal fistula (43%),
an original diagnosis of ulcerative colitis, and the number of salvage procedures. It
was also cumulative with time, even after salvage intervention.

The largest series of abdominal salvage surgery published to date included 112
patients, with the following original pathology: ulcerative colitis (n = 86), indeterminate
colitis (n = 11), familial adenomatous polyposis (n = 10), and other conditions (n = 5). At
amedian follow-up of 46 (range 1 to 147) months, 24 (21%) patients experienced pouch
failure, the incidence of which increased with time. The pouch failed in all patients who
had Crohn’s disease. Successful salvage at 5 years was associated with a nonseptic
(85%) rather than a septic (61%) indication (P = .016) as shown in Fig. 1. Frequency
of nighttime defecation and fecal urgency improved after salvage surgery.'*
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Fig. 1. Cumulative pouch survival after abdominal salvage for patients with and without
sepsis. Log rank statistic = 5.78, 1 degrees of freedom, P =.016 (log rank test). (From Tekkis
PP, Heriot AG, Smith JJ, et al. Long-term results of abdominal salvage surgery following
restorative proctocolectomy. Br J Surg 2006;93(2):231-7; with permission.)
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POOR FUNCTION

Function varies from day to day, and the patient’s own perception is probably the most
important factor in the identification of poor function. Most patients with poor function
have a stool frequency of 10 evacuations per 24 hours or more, usually associated with
the passage of small-volume stool. There also may be urgency, incontinence, and dif-
ficulty in evacuation. An assessment of the extent to which these impair quality of life
should be made. Pouch function tends to improve with time, and a reasonable period
should be allowed to pass before considering any form of salvage surgery. In a prospec-
tive study of patients over 12 years, however, there was no change in bowel frequency,
although there was an increase in major day continence in 18% and improvement in
only 1% of patients. Most patients had stable function over the 12 years.'®

Differential diagnosis

The diagnosis is made on clinical examination combined with investigations, including
pouchoscopy with mucosal biopsy, contrast pouchography, physiologic tests of
sphincter function, and estimation of reservoir capacity. Pouchitis often is invoked
as the cause of poor function. A degree of acute inflammation in a mucosal biopsy
often is seen, however, and this may not be the reason necessarily. Frequently,
more than one lesion coexists. For example, stenosis of the ileoanal anastomosis,
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¢ mucosa (cuffitis)

lleo-pouchoscopy _.| Pouchitis I_,I See pouchitis algorithm ‘
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Fig.2. Algorithm for the investigation of pouch dysfunction. (From McLaughlin SD, Clark SK,
Tekkis PP, et al. Review article: restorative proctocolectomy, indications, management of
complications and follow-up-a guide for gastroenterologists. Aliment Pharmacol Ther
2008;27(10):895-909; with permission.)
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chronic abscess, and retained rectum may occur in the same patient. An algorithm is
shown in Fig. 2 for investigating patients who have ileal pouch dysfunction.

Mechanical Outlet Obstruction

The causes of mechanical outlet obstruction include: stricture of the ileoanal anasto-
mosis, retained rectum after ileorectal anastomosis, and long efferent limb of an
S-reservoir (no longer relevant).

Examination and contrast radiology may show evidence of narrowing or obstruction
either at the level of the ileoanal anastomosis or in the distal part of the reservoir. In
some patients, outlet obstruction may not be associated with evidence of mechanical
narrowing; it then is presumed to be caused by a functional disorder of unknown
etiology. Surgery is not indicated in these patients.

The symptoms of outflow obstruction are typical and almost diagnostic. The patient
experiences difficulty in evacuation with the characteristic frequent passage of small
volumes of stool. Frequency may be as high as 20 to 30 defecations per 24 hours with
the expulsion of no more than a few milliliters of stool on each occasion. Such symp-
toms are an indication for further investigation.

Long efferent limb
The original ileal reservoir'® and the isoperistaltic reconstruction’” both involved the
creation of an efferent limb of terminal ileum, which formed the proximal side of the
ileoanal anastomosis. Neither reconstruction is performed today. With a limb of up
to 8 cm in length in the early years of the reservoir, over 50% of patients were unable
to evacuate spontaneously and needed to catheterize the pouch through the anus to
do so. Contrast radiological studies showed outflow obstruction that was roughly
proportional to the length of the limb. Accordingly, this was shortened to 2 cm, result-
ing in spontaneous evacuation in around 90% of patients.®

Patients usually accepted the need for catheterization as a reasonable price to pay
for avoiding an ileostomy, but some were unable to tolerate the situation. Further
surgery has some prospect of improving matters for such patients, with restoration
of spontaneous evacuation. It may be possible to remove the problematic segment
endoanally, but this is technically possible in less than 30% of patients. In most, an
abdominoanal salvage procedure is required. The pouch is mobilized and the ileoanal
anastomosis detached. The efferent limb is excised, and a new anastomosis is con-
structed manually between the pouch and anal canal. Of a total of 35 patients, failure
occurred in six, and improved function, including conversion from catheterization to
spontaneous evacuation occurred in 18 of 26 patients in whom a functional assess-
ment was made. %2

Stricture of the ileoanal anastomosis
Narrowing of the ileoanal anastomosis requiring at least one dilatation under anesthe-
sia has been reported in 4% to 40% of patients.0:1322-2% Factors leading to fibrosis
include pelvic sepsis and anastomotic tension causing separation, although no statis-
tical difference has been shown in the incidence of stenosis in patients who develop
septic complications compared with those who do not. Stenosis may be more com-
mon in patients who have ulcerative colitis than in those who have FAP, and also after
a stapled anastomosis, particularly when an instrument with a small head has been
used.?® In a series of 266 patients, stenosis occurred in 14.2% and 39.6%, respec-
tively, after manual and stapled anastomosis.?®

The severity of the stricture is assessed by digital examination to determine the
diameter, longitudinal length, and the extent of surrounding induration. Contrast
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radiology is used to assess the length and the degree of dilatation of the proximal
bowel. An apparent stricture may be noted when digital examination is performed
for the first time after operation. This is often caused by lateral adhesions across
the anastomosis creating a web effect, which is divided easily by gentle passage of
the finger. Usually this resolves the problem.

In one study, 35 of 50 patients who had stenosis were treated by dilatation, including
26 with and nine without general anesthesia.?® Repeated dilatations were necessary in
the former group. The stenosis persisted in 37 of the 50 patients, and in only 13 did it
resolve. In another study, 42 patients who developed a stricture among 982 undergo-
ing restorative proctocolectomy were followed up for 31 (range 1 to 98) months.3 All
patients underwent dilatation under anesthesia, with recurrence in 25 and failure in
seven. In 23 patients who required repeated dilatation, function was satisfactory,
and in 11 it was poor. Thus reasonable function was achieved by dilatation in about
half the patients.

If symptoms of outflow obstruction persist despite dilatation, surgery may be
indicated depending on their severity. In some patients who have a tight but short
stricture, a posterior stricturotomy may be successful, although there are no pub-
lished data on the results. This operation runs the risk of sepsis and hemorrhage,
and should be performed under direct vision by means of electrocoagulation.
A transanal approach involving excision of the stricture and advancement of the
pouch distally has been described in three patients who had stricture, two of
whom had a simultaneous vaginal fistula. At follow-up of 3 to 11 months, all had
satisfactory function.'®:2°

The endoanal approach is difficult for patients who are unsuitable for this or who
do not respond to dilatation. The available options include removal of the reservoir
with the establishment of a permanent ileostomy or a major salvage procedure.
Removal has been reported to be necessary in 2.5% to 15% of patients who have
stricture.”™®'” Abdominal salvage involves mobilization of the reservoir from the
pelvis, followed by excision of the stenosis and reanastomosis of the apex of the
reservoir to the distal anal canal. It is usually necessary to perform a mucosectomy
to achieve this.?” Technical details of importance include the need to dissect close to
the reservoir to avoid damage to pelvic structures, including the autonomic nerves,
and removal of as much of the fibrosis in the area of structuring as possible. Any
associated chronic abscess cavity should be curetted and the operation covered
by a defunctioning ileostomy.

There is little information in the literature on the outcome of major abdominal surgery
for stricture. In one study, five patients treated for stricture were followed for a mini-
mum of 6 months.?” The median frequency of defecation fell from 17 (range 10 to
26) to 6 (range 4 to 24) times per day after operation, with a successful outcome in
four. In another study of 23 patients who underwent abdominal salvage for various
reasons, the indication was an anastomotic complication in three, all of whom had
a successful result.?”

Retained rectum after ileorectal anastomosis

The aim of restorative proctocolectomy is to remove all disease-prone mucosa.
The original technique therefore included a mucosectomy of the upper anal canal
with an anastomosis just above the dentate line. With the introduction of stapling
techniques,?® the anastomosis usually came to lie more proximal at, or above, the
level of the anorectal junction. Some degree of inflammation in biopsies taken from
the anal columnar epithelium is common. This may be severe enough to cause
symptoms in 2% to 15% of patients.?®32 In a series of 217 patients who had
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a stapled anastomosis, 48 (22.1%) had evidence of persisting inflamed mucosa
distal to the anastomosis. Of these, 32 patients were symptomatic, and 28 needed
treatment.®°

The symptoms of retained inflamed mucosa are those of proctitis, including bleed-
ing, burning, and urgency. Disordered evacuation with the frequent passage of small
amounts of stool also may occur, and patients are at continuing risk of neoplastic
transformation.®® The diagnosis of retained rectum may be made on digital palpation,
which will demonstrate the anastomosis to be above the level of the anorectal junc-
tion. This will be confirmed by contrast radiology and endoscopy by taking biopsies
from above and below the anastomosis.

Treatment with local steroids may relieve the symptoms in some patients, but in
others it may not result in a satisfactory long-term solution. Thus in patients who
have unacceptable function despite medical treatment, surgery is indicated. If there
is a short longitudinal length of persisting inflamed mucosa, it may be possible to
remove it by means of an endoanal approach.®* In most patients, however, a com-
bined abdominoanal approach is necessary, with removal of the retained rectal stump
followed by mucosectomy of the anal stump and a manual ileoanal anastomosis.

In a larger series of 22 patients followed for a median of 22.5 (range 4 to 114)
months, failure with excision of the reservoir occurred in five. Seventeen patients
had anal function, and in these, the median 24-hour frequency before and after surgery
was 12 (range 4 to 20) and 6 (range 3 to 12) months, respectively.®® Median night-time
frequency fell from 4 (range 0 to 8) to 0.5 (range O to 4). Fifteen of the 17 patients
reported subjective improvement in the quality of life, giving an overall success rate
of 15 of 22 patients.

Small-Volume Reservoir

A compliant pouch of good volume appears to be a factor determining function. There
is an inverse relationship between the maximum tolerated volume of the reservoir and
frequency of defecation.®¢37 Patients with a small-capacity reservoir have high stool
frequency, sometimes with urge incontinence. The original straight ileoanal anastomo-
sis reconstruction is an extreme example of this. The diagnosis is made by contrast
radiology to give a direct image of the size of the reservoir, and by balloon volumetry,
which gives a functional measure of urge and maximum tolerated volume.

If medical treatment fails to reduce unacceptable stool frequency, a reservoir aug-
mentation procedure should be considered using an abdominal approach. It may be
possible to add a loop of immediately proximal ileum to the upper part of the reservoir.
When this is not technically possible, it is necessary to mobilize the reservoir entirely,
including detachment of the ileoanal anastomosis, to allow a complete remodeling. In
a report of five patients with functional failure caused by low pouch capacity whose
reservoir was converted to a pouch, mean 24-hour and nocturnal stool frequency
fell from 13.8 and 3.0 to 5.8 and 0.3 respectively after augmentation.3®

Sphincter Dysfunction

Some degree of anal discharge occurs in up to 30% of patients, but fecal incontinence
caused by poor sphincter function is less common, with a reported frequency of less
than 5%. Preoperative assessment of the sphincter may avoid some failures by
appropriate patient selection. Previous anal surgery is not, however, necessarily a con-
traindication to the operation. In patients who have postoperative incontinence clinical
examination, anorectal physiologic testing, and anal ultrasonography should deter-
mine the nature of the sphincter lesion.3°
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There is little information in the literature on the results of salvage surgery for an
incompetent sphincter. One study reported two patients who underwent sphincter
repair, both with a satisfactory outcome.*®

Pouchitis

Some degree of inflammation in the ileal pouch develops in about 50% of cases. The
intensity of this fluctuates. Pouchitis is diagnosed when histologically proven acute
inflammation is associated with symptoms of frequency, urgency, and liquid stool in
the presence of endoscopic evidence of inflammation. It is important to understand
that there are various causes of frequency; not all are caused by pouch inflammation.
There is a difference between incidence and prevalence. Quoted incidences of
pouchitis of up to 50%*'%? may be misleading, because these are based on cumula-
tive life table analysis methodology. In many cases, the diagnosis has not been
confirmed histologically. In clinical practice, prevalence the true marker of patients
suffering significantly, is the important consideration. This is much lower, being around
5%.43,44

The etiology is unknown but is likely to be related to the vast increase (x10°7) in the
concentration of bacterial flora within the pouch. Treatment with antibiotics is
successful in most patients, although this may need to be repeated. Patients who
have chronic unremitting pouchitis may not respond. Only 10% of failures of RPC
are caused by pouchitis.*®

Examination of serial biopsies of the pouch over several years has allowed the divi-
sion of patients into three groups. Type A includes patients whose biopsies show
normal mucosa or mild villous atrophy with no or mild inflammation. In Type B, the
mucosa fluctuates between moderate-to-severe villous atrophy and normal. In Type
C, there is persistent subtotal or total villous atrophy developing early after closure
of the defunctioning ileostomy accompanied by acute and chronic inflammation.
Patients with type C changes have pouchitis and are more likely to have primary scle-
rosing cholangitis.*6:47

Diagnosis

In clinical practice, the diagnosis of pouchitis requires a triad of compatible symptoms
and endoscopic and histologic findings. Scoring systems have been devised to grade
pouchitis. These include the Moskowitz score,*® the pouchitis disease activity index,*®
the Heidelberg system,° and the Objective Pouchitis Score (OPS).%' The PDAI and
Heidelberg Pouchitis Activity Score (PAS) give numbers to clinical, endoscopic, and
histologic features. These systems, however, contain the fallacy that histologic evi-
dence of acute inflammation is not an essential requisite for the diagnosis.

Management
All patients should have a flexible pouchoscopy and biopsy, as symptoms do not
always correlate with the endoscopic and histologic findings.*3-5° Other disorders
can present with poor function and may respond to antibiotics temporarily. For
patients who have frequent episodes of established pouchitis, it is reasonable to start
antibiotics without repeating the pouchoscopy. Many patients have asymptomatic
inflammation in the pouch. Some will have inflammation along a suture line; this is
a normal variant and not pouchitis. Inflammation may be patchy in distribution, and
biopsies therefore may not be representative.

For practical purposes pouchitis can be classified as acute or chronic. Acute pou-
chitis is defined as less than 4 weeks in duration, responding to a single antibiotic,
and occurring less than three times per year. This category includes most patients.
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Chronic pouchitis can be divided further into: chronic relapsing, chronic antibiotic-
dependent, or chronic refractory. Chronic relapsing pouchitis is defined as three or
more episodes per year that respond to antibiotic treatment. Chronic antibiotic-
dependent pouchitis is defined as that in which symptoms are controlled when main-
tained on a single antibiotic, but promptly return when this is withdrawn. Most
authors define chronic antibiotic refractory pouchitis as when the patient no longer
responds to a single antibiotic.

Treatment

Nonsteroidal anti-inflammatory drugs (NSAIDs) are associated with pouchitis, and with-
drawal may induce remission.®? Ciprofloxacin or metronidazole for 14 days should be
used as first-line treatment. Their efficacy is similar, but ciprofloxacin is tolerated better
and does not cause peripheral neuropathy.53 If this fails or early relapse occurs, com-
bined ciprofloxacin and metronidazole for 30 days is usually effective.®* In patients in-
tolerant to oral metronidazole, good results may be obtained with metronidazole
administered per anum. A combination of ciprofloxacin and rifaximin is also effective.>®
Ciprofloxacin combined with tinidazole additionally has been shown to be effective in
some patients who do not respond to ciprofloxacin and metronidazole. Co-amoxiclav
or clarithromycin may be useful; however there are no published controlled studies.®®

Treatment with topical or oral budesonide has been shown to be beneficial but only
in patients who do not respond to a single antibiotic.%”

Patients with chronic pouchitis who achieve remission following antibiotic therapy
but show a tendency to relapse should be treated with maintenance ciprofloxacin
(250 to 500 mg twice daily) given the long-term adverse effects of metronidazole.
This appears to be safe and well-tolerated, although there are no published long-
term data. It may be possible to reduce the dose to 250 mg daily.

The probiotic VSL#3 has been shown in two randomized—controlled trials (RCTs) to
maintain remission in 85% of patients with chronic pouchitis up to 1 year.585° In this
study, it should be noted, however, that patients who did not achieve endoscopic and
clinical remission were excluded from the study. Furthermore, the trial dose cannot be
given in clinical practice, because the commercially available sachets are of a different
strength to that used in the original studies. These factors may explain why the results
obtained by the authors and others have been disappointing. In the authors’ experi-
ence, 87% of treated patients relapsed at 2 months. In a further study,%° 25 (80%)
of 31 patients after antibiotic-induced remission rapidly relapsed following treatment
with VSL#3. There is no evidence that other drugs, including 5-ASA agents, systemic
steroids, or immunosuppressants, are effective. Fig. 3 demonstrates a suggested
algorithm for the treatment of pouchitis.

Prepouch ileitis

A few patients develop inflammation in the ileum immediately proximal to the pouch.
This usually is associated with pouchitis, but it may occur in isolation. Symptoms
include those of pouchitis and also of intestinal obstruction. Prepouch ileitis occurs
in about 3% of patients after RPC®" lleo-pouchoscopy or video capsule endoscopy
will determine the extent of inflammation. CD should be considered in patients with
extensive prepouch ileitis or where skip lesions are evident, particularly in the pres-
ence of a normal pouch.

Treatment

Various treatments have been described including oral steroids, 5-ASA drugs, and
antibiotics. There are no controlled studies; however treatment with ciprofloxacin
and metronidazole is usually effective.
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Fig. 3. Algorithm for the treatment of acute and chronic pouchitis. (From McLaughlin SD,
Clark SK, Tekkis PP, et al. Review article: restorative proctocolectomy, indications, manage-
ment of complications and follow-up-a guide for gastroenterologists. Aliment Pharmacol
Ther 2008;27(10):895-909; with permission.)

Bile salt malabsorption

Bile salt malabsorption has been reported to be associated with pouch dysfunction.®?
The cause is probably multifactorial. Reduced absorption and depletion of bile salts
may occur due in some manner to the vast increase of pouch bacteria and the change
of mucosal morphology including colonic metaplasia and villous atrophy. There are no
published effective treatments (ursodeoxycholic acid is ineffective).

Investigating Pouch Dysfunction

There is considerable overlap of symptoms between the various causes of pouch
dysfunction that can make diagnosis difficult. Digital anal examination will reveal
a weak sphincter, mechanical obstruction at the anastomosis, and a high rectal anas-
tomosis indicating a retained rectal stump. The initial investigation should include stool
culture and antigen testing for clostridium difficile toxin and other pathogens. Celiac
antibody screening should be performed in patients presenting with frequency given
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the high incidence of celiac disease. Flexible pouchoscopy with biopsy is essential to
assess the pouch and prepouch ileal mucosa. It is the most useful first-line investiga-
tion. A pouchogram may demonstrate a small reservoir. Physiology of the sphincter
and pouch balloon volumetry will give an objective assessment of sphincter compe-
tence and pouch capacitance.

SUMMARY

RPC has revolutionized the surgical treatment of ulcerative colitis and, in some cases
FAP. This major advance has offered an alternative to permanent ileostomy in these
patients. Thus far, the good outcomes appear durable, but careful follow-up of pa-
tients is required after this type of surgery to describe the long-term results.
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Several organic and functional disorders of the urinary bladder, reproductive tract, ano-
rectum, and the pelvic floor musculature cause pelvic pain. This article describes func-
tional disorders in which chronic pelvic and anorectal pain cannot be explained by
astructural or other specified pathology. Currently, these functional disorders are clas-
sified into urogynecologic conditions (ie, chronic prostatitis and chronic pelvic pain
syndrome [CP-CPPS] or interstitial cystitis and painful bladder syndrome [IC-PBS]);
anorectal disorders (ie, proctalgia fugax); and the levator ani syndrome. Although these
disorders are defined by predominant pain, they can be associated with functional dis-
turbances (ie, disordered voiding or defecation). Although this nomenclature suggests
that these conditions are distinct, there is considerable overlap of their symptoms,
which is perhaps inevitable because the urogenital tract and anorectum are in proximity
and intimately related to the levator ani, because visceral discomfort is poorly localized,
and because pelvic floor dysfunctions can impair urogenital and anorectal functioning.
Indeed, these disorders have much in common. Not only is there overlap among urogy-
necologic symptoms (eg, CP, benign prostatic hypertrophy, and IC)? but also between
pain in the urinary bladder (eg, in IC) and sacrum, coccyx, and anus.®

Cardinal features of chronic functional anorectal and urogynecologic disorders
include the following:

¢ Disorders are diagnosed by symptoms, supplemented by objective findings in IC
® Predominant symptom is discomfort or pain; patients may also have dysfunc-
tional voiding or defecation
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¢ Frequently associated with impaired quality of life, anxiety, and depression

e Pathophysiology is barely studied and poorly understood; visceral hypersensitivity
and pelvic floor dysfunction may play a role

¢ Therapy is guided by clinical features; therapeutic approaches have not been
rigorously tested in clinical trials

Before symptom questionnaires were available, reports of these disorders were
based on physician-coded diagnoses, and diagnostic criteria probably varied among
studies.* Although validated symptom questionnaires for urinary and anorectal symp-
toms are available (Table 1), diagnostic criteria, particularly for urogynecologic condi-
tions, are not established. These differences may partly explain why prevalence
estimates vary across and even within studies.

FUNCTIONAL ANORECTAL PAIN

Based on clinical features, the Rome Ill criteria recognize two forms of functional
anorectal pain: levator ani syndrome and proctalgia fugax. In the levator ani syndrome,
pain is generally prolonged (ie, lasts for hours); is constant or frequent; and is charac-
teristically dull. In proctalgia fugax, the pain is brief (ie, lasting seconds to minutes);
occurs infrequently (ie, once a month or less often); and is relatively sharp. This clas-
sification system does not include coccygodynia, which refers to patients with pain
and point tenderness of the coccyx,® as a separate entity. Most patients with rectal,
anal, and sacral discomfort have levator rather than coccygeal tenderness.®

Levator Ani Syndrome

Definition

The levator ani syndrome is also called levator spasm, puborectalis syndrome, chronic
proctalgia, pyriformis syndrome, and pelvic tension myalgia. The levator ani syndrome
is characterized by relatively constant or frequent dull anorectal pain, often associated
with tenderness to palpation of the levator ani but not urinary symptoms or an organic
disease that can explain pain.

Epidemiology

The prevalence of symptoms compatible with levator ani syndrome in the general pop-
ulation is 6.6%.7 More than 50% of affected people are aged 30 to 60 years,® and it is
more common in women (7.4% of all women) than in men (5.7% of all men).” Although
disability associated with levator ani syndrome can be significant, only 29% of people
with levator pain had consulted a physician. In a postal survey of 5430 adults, people
with levator ani syndrome reported missing an average of 17.9 days from work or

Table 1
Symptom questionnaires for chronic pelvic disorders

Condition Questionnaire

Lower urinary tract symptoms in men with AUA Symptom Index’®
benign prostatic hypertrophy

Men with chronic prostatitis and chronic National Institutes of Health Chronic
pelvic pain syndrome Prostatitis Symptom Index”®

Interstitial cystitis and painful bladder Interstitial Cystitis Symptom Index®®
syndrome

Functional anorectal pain Rome Il Questionnaire'?
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school in the past year, and 11.5% reported that they were currently too sick to work
or go to school.” There are no published data on the frequency with which the levator
ani syndrome is encountered in medical practice.

Pathophysiology

Tenderness to palpation of pelvic floor muscles in chronic pelvic pain and levator
ani syndrome may reflect visceral hyperalgesia or increased pelvic floor muscle
tension,®? the pathophysiology of which is unknown. Uncontrolled observations sug-
gest that patients may have increased anal pressures or electromyogram activity.'©
Higher anal pressures may reflect increased external or internal anal sphincter tone.
Inability to relax pelvic floor muscles suggests pelvic floor dysfunction.® It is unclear
if the association between chronic pelvic pain and psychosocial distress on multiple
domains (eg, depression and anxiety, somatization, and obsessive-compulsive
behavior)'" reflects an underlying cause or an effect of pain.

Clinical features

The diagnosis is based on characteristic symptoms in the absence of anorectal and
pelvic pathophysiology. The diagnostic criteria are 12 weeks, which may not be con-
secutive, of the following:'2

1. Chronic or recurrent rectal pain or aching, and

2. Episodes last 20 minutes or longer, and

3. Other causes of rectal pain, such as ischemia, inflammatory bowel disease, cryp-
titis, intramuscular abscess, fissure, hemorrhoids, prostatitis, and solitary rectal
ulcer, have been excluded

The pain is often described as a vague, dull ache, or pressure sensation high in the
rectum. It is often worse with sitting than with standing or lying down. Physical exam-
ination may reveal overly contracted levator ani muscles and pelvic floor tenderness to
palpation. For unknown reasons, tenderness is often asymmetric and more frequently
affects the left than the right side.® The diagnosis is considered to be highly likely if
patients have symptoms and abnormal physical signs and possible if patients have
symptoms but not tenderness to levator palpation.

Patients with levator ani syndrome have significant elevations on the hypochondria-
sis, depression, and hysteria scales of the Minnesota Multiphasic Personality Inventory.
This pattern occurs in chronic pain patients and is often referred to as the “neurotic
triad”.'® Although clinical observations suggest that levator ani syndrome is frequently
associated with an impaired quality of life, there is limited evidence in this regard.

Treatment

Appropriate testing (eg, sigmoidoscopy, defecography, ultrasound, or pelvic MRI) to
exclude other causes of pain (eg, Crohn’s disease, anal fissures) and to identify asso-
ciated conditions (eg, defecatory disorders) should be performed as necessary. There
are no controlled studies of treatments for chronic intractable anorectal pain. Although
uncontrolled studies suggest that electrogalvanic stimulation,'#~'® biofeedback train-
ing,'%17-1® digital massage of the levator ani muscles,'®?! and sitz baths®? may be
effective, management of chronic intractable anorectal pain can be a “frustrating
endeavor”.'” Electrogalvanic stimulation improved pain in 10 of 27 patients in one
study.’” In a study of 316 patients with the levator syndrome, 68% of patients reported
“good results” after a combination of massage; sitz baths; muscle relaxants; and dia-
thermy (method unspecified).® The technique for levator massage is described later.
Biofeedback therapy improved pain but had variable effects on anal pressures.’®°
Hot sitz baths may alleviate pain not only by counterirritation but also because
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immersion in hot water may reduce anal pressures in patients with anorectal pain.??
Ultrasound-guided injection of local anesthetics or alcohol for pelvic nerves (eg,
pudendal nerve) is of unproved efficacy.

If the patient’s distress or other circumstances require that treatment be under-
taken, the only advice that can be offered at present is to do no harm; select a treat-
ment, such as biofeedback, that has no significant adverse consequences. Surgery
should be avoided.

Proctalgia Fugax

Definition
Proctalgia fugax is defined by sudden, severe intermittent pain in the anal area lasting
several seconds or minutes in the absence of an organic disorder to explain pain.'?

Epidemiology

The prevalence of proctalgia fugax has been difficult to determine because sufferers
tend not to report episodes to their physician except in the most severe cases.?® The
estimated prevalence ranges from 8%’ to 18%2% and is comparable in men and
women. Symptoms rarely begin before puberty.

In the US Householder Study,” subjects with proctalgia fugax missed an average of
12.8 days from work or school in the past year, and 8.4% of them reported that they
were currently too ill to work or attend school. It is unknown, however, if the reported
disability was the result of proctalgia fugax, which seems unlikely, or other disorders in
these patients.

Pathophysiology

The pathophysiology of proctalgia fugax is unclear and is entirely based on small case
reports, which observed increased myoelectric activity and anal resting pressure dur-
ing episodes of proctalgia.?*2® An uncontrolled study suggested that most patients
were perfectionistic, anxious, or hypochondriacal.?® A hereditary form of proctalgia
fugax associated with hypertrophy of the internal anal sphincter has also been
reported.?’2°

Clinical features

The diagnosis is based on characteristic symptoms in the absence of anorectal and
pelvic pathophysiology. The criteria are 12 weeks, which may not be consecutive,
of the following:'?

1. Recurrent episodes of pain localized to the anus or lower rectum, and
2. Episodes last from seconds to minutes, and
3. There is no anorectal pain between episodes.

Attacks are generally not related to a specific triggering factor, are often precipitated
by stressful life events or anxiety,3° and may last from a few seconds to as long as
30 minutes. In a study of 148 patients of whom one third had proctalgia fugax, the
pain was localized to the anus in 90% of patients, occurred less than five times
ayearin51%, and lasted less than 1 minute in 57%. In most, activity was not interrup-
ted by this pain and only 20% had ever reported it to a physician.®' The pain has been
described as cramping, gnawing, aching, or stabbing; may range from uncomfortable
to unbearable; and radiates infrequently.32

Management
For most patients, the episodes of pain are so brief that remedial treatment is imprac-
tical. Because symptoms occur infrequently, prevention is not feasible. The emphasis
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is on reassurance and explanation. For patients with frequent symptoms, treatment
may be considered. In a randomized controlled trial, the inhaled B,-adrenergic agonist
salbutamol was more effective than placebo for shortening the duration of episodes of
proctalgia.®® The ay-adrenergic agonist clonidine reduced symptoms in a single
patient.3* Coexistent psychologic issues should be addressed with behavioral or
pharmacologic therapies.

INTERSTITIAL CYSTITIS AND PAINFUL BLADDER SYNDROME
Definition

The definition of IC has evolved over time and remains a controversial area.®® In 1987,
the National Institute of Arthritis Diabetes, Digestive and Kidney Diseases workshop
on IC proposed diagnostic criteria for clinical trials.3® These criteria have since been
found to be too restrictive for clinical research, however, and have been estimated
to miss 60% of patients with PBS. A National Institutes of Health panel update on
the criteria for diagnosing PBS is pending.®” Currently, the International Continence
Society defines PBS as “suprapubic pain related to bladder filling, accompanied by
other symptoms such as increased daytime and nighttime frequency, in the absence
of infection or other pathology”. A subset of patients with PBS has IC, which is char-
acterized by symptoms of PBS and vesical abnormalities (ie, mucosal ulcerations
[Hunner’s ulcers]; punctuate hemorrhages [glomerulations] after bladder hydrodisten-
tion; and an increased number of detrusor mast cells).®®

Epidemiology

Prevalence estimates vary from 1.8 per 100,000 for a physician-assigned diagnosis of
IC in Olmsted County, Minnesota, to 450 per 100,000 for self-reported diagnosis of IC
in the National Household Interview Survey.*° In part, these differences may reflect the
lack of consensus on what constitutes IC. IC is more common in women than in men.*°
The median age at first diagnosis was 45 years in women and 75 years in men.*°

Pathophysiology

The pathophysiology is incompletely understood. It is thought that dysfunction
of the normally impermeable urothelial lining leads to chronic diffusion of irritants across
the urothelium, which in turn can cause neurogenic inflammation and mast cell
activation.®%4142 Mast cell degranulation activates capsaicin-sensitive nerve fibers,
which release substance P and other neuropeptides that cause cell damage. Prolonged
activation of mast cells and capsaicin-sensitive nerve fibers can lead to neurogenic up-
regulation, further damage bladder muscle, and cause bladder fibrosis. In 2004, Keay
and colleagues*! identified a glycosylated frizzled-related peptide inhibitor of cell pro-
liferation that is secreted specifically by bladder epithelial cells from patients with IC.
This antiproliferative factor profoundly inhibits bladder cell proliferation by regulating
cytokines and growth factors. This finding has not been confirmed by other groups,
however, and there is no commercially available assay for antiproliferative factor. Anti-
proliferative factor remains an attractive, yet elusive, biomarker for IC.43

Clinical Features

A comprehensive literature review observed that 63% to 92% of patients with IC
reported suprapubic pain on bladder filling that was relieved by urination.*® Patients
may also have pain at other sites (ie, urethra, vagina, perineum, groin, or low back)
and other urinary symptoms (ie, urinary urgency, frequency, and nocturia).

In a large prospective cohort of patients with IC, the average symptom duration was
8 years.** A case control study observed that women with IC had significantly more
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pelvic surgeries than controls.*® Anxiety and depression, dysmenorrhea, and irritable
bowel syndrome are common comorbid conditions. In one study, however, the prev-
alence of these conditions was not significantly higher in patients than in controls.®

In addition to pelvic floor tenderness, patients may also have palpation-induced
abdominal tenderness, pelvic asymmetry, and pelvic floor dysfunctions, which may
be manifest by an inability to maintain pelvic relaxation.®°

Diagnostic Tests

Diagnostic testing (ie, cystoscopy, urine cytology, and possibly urologic imaging)
needs to be tailored to each individual patient: patients with symptoms of detrusor
overactivity who fail anticholinergic therapy, patients with symptoms of urinary infec-
tions with negative cultures, or patients with microscopic hematuria need to undergo
further work-up.*® When IC is suspected, cystoscopic evaluation should include
hydrodistention to assess for glomerulations (eg, submucosal petechial hemorrhages)
and Hunner’s ulcers, and to assess bladder capacity. Assessing permeability with
intravesical potassium is prone to false-positive and false-negative results and is
not recommended for diagnosing IC.474°

Differential Diagnosis

Chronic pelvic pain is the most common symptom associated with endometriosis. In
an international study of 1000 patients, pelvic pain (68%), dysmenorrhea (79%), and
dyspareunia (45%) were the commonest presenting symptoms of endometriosis.>°
Endometriosis is also associated with urinary symptoms and both conditions may
coexist.*® The response to hormonal treatment or lack thereof is a poor predictor of
endometriosis and a laparoscopy with biopsy of suspected lesions is necessary for
diagnosing endometriosis.>' Cystoscopic findings favor a diagnosis of IC.

There is considerable symptom (ie, urgency, frequency, and nocturia) overlap
between overactive bladder and IC. Although these conditions may be distinguished
by the presence of pelvic pain and dyspareunia in IC and urinary incontinence in over-
active bladder syndrome,*® the possibility of IC should be considered in patients with
refractory overactive bladder.*® Urodynamics evaluation can aid in distinguishing
overactive bladder from PBS. Patients with overactive bladder may have detrusor
contractions during filling cystometry, whereas patients with PBS tend to have stable
detrusor activity with hypersensitivity during distention. Patients with vulvodynia
generally report vulvar burning and dyspareunia but not urinary symptoms.*3

Management

Collaboration between urologists, gynecologists, and physical therapists is essential
in identifying the specific cause of pelvic pain and effectively treating these women.
There are three primary treatment modalities for PBS: (1) pharmacologic, (2) bladder
instillation, and (3) physical therapy. For patients with refractory PBS symptoms,
minimally invasive therapies (sacral nerve stimulation, vesical injection of botulinum
toxin A, and transurethral fulguration and resection of bladder lesions) and definitive
surgical options (trigone-sparing and nonsparing cystectomy with substitution enter-
oplasty) are available. Pharmacologic agents include pentosan polysulfate sodium
(Elmiron, a polysaccharide purported to decreased urothelial permeability); hydroxy-
zine (Atarax, an H1 receptor antagonist that inhibits mast cell activation); tricyclic
antidepressants; and immunosuppressive agents (eg, azathioprine, cyclosporin, and
methotrexate). Systematic reviews of the limited data on these interventions observed
modest benefits of pentosan polysulfate sodium, amitriptyline, and hydroxyzine com-
pared with placebo.®? Intravesical instillation is preferred with dimethyl sulfoxide,
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bacillus Calmette-Guérin vaccine, pentosan polysulfate sodium, and other polysac-
charides. Two small randomized crossover trials (dimethyl sulfoxide versus placebo
and dimethyl sulfoxide versus bacillus Calmette-Guérin) have demonstrated a benefi-
cial effect for dimethyl sulfoxide instillation.?®5* There are currently insufficient data to
support the other installation agents.®® Although bladder distention is commonly per-
formed, there are limited data supporting its efficacy in PBS patients.5? Because sig-
nificant complications (eg, bladder rupture) have been reported, this maneuver should
be used for diagnostic and not therapeutic purposes.®® Intravaginal massage can be
provided by Thiele’s technique in which the muscles (ie, coccygeus, iliococcygeus,
pubococcygeus, and obturator internus) are massaged with tolerable pressure from
origin to insertion in the direction of the muscle fibers, approximately 10 to 15 times
per session, lasting fewer than 5 minutes for each session.2’ In addition to massaging
the entire muscle, trigger points can also be subjected to ischemic compression last-
ing 10 to 15 seconds. Two weeks after completing 10 sessions of therapy (ie, two ses-
sions per week for 5 weeks), patients reported improved pelvic pain, bladder urgency,
muscle tenderness, and mental and physical components of quality of life in 1C.2"
Moreover, this improvement was partly sustained at 4.5 months after therapy. In an-
other study, 70% of patients reported moderate or marked improvement after manual
therapy for pelvic floor trigger points and myofascial release.5”

Sacral nerve stimulation and botulinum toxin A vesical injection may be effective for
some patients with refractory 1C.%85® Small case series suggest that appropriate
patient selection is critical for maximizing the benefits of surgical intervention for
IC.8%-%2 For example, 32 out of 34 patients with classic IC had complete symptom res-
olution following cystectomy with enteroplasty compared with only 3 of 13 patients
with nonulcer disease.®%-62

CHRONIC PELVIC PAIN AND CHRONIC PROSTATITIS
Definition

CP-CPPS is characterized by chronic pain in the perineum, tip of the penis, suprapubic
region, or scrotum, which is often worsened with voiding or ejaculation, in the absence of
an organic disorder. CP-CPPS (type 3 prostatitis) constitutes most (ie, more than 90%)
cases of prostatitis. The other categories include acute bacterial prostatitis (type 1);
chronic bacterial prostatitis (type 2); and asymptomatic inflammatory prostatitis (type 4).

Epidemiology

The estimated prevalence ranges from 2% to 10%.5%% Patients with CP-CPPS
account for up to 15% of urology office visits in Italy and approximately 2 million
medical office visits per year in the United States alone.3®%* The condition seems to
affect men of all ages.

Pathophysiology

The pathophysiology of CP-CPPS is unknown. Many different theories and mecha-
nisms have been proposed. Only 33% of patients with CP-CPPS have prostatic
inflammation on biopsies.®” The evidence for an ongoing acute infection is weak;
the presence of white blood cells in the prostatic fluid is probably not a reliable marker
of infection.®® Similar to other chronic pain syndromes, such as fioromyalgia, height-
ened responses to noxious heat stimuli, applied in this instance to the perineum, have
been reported.®® These findings have been considered to reflect central sensitization.
Psychologic factors are involved, psychologic stress is common,’® and depressive
symptoms predict a worse quality of life in men with CP-CPPS.""
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Clinical Features

Among women with chronic pelvic pain, gynecologic conditions (eg, endometriosis,
ovarian cysts), painful intercourse, and urinary urgency and frequency were more
common than in age-matched controls.® In patients presenting for care, chronic pelvic
pain is frequently severe and interferes with lifestyle.® Indeed, the sickness impact is
similar to that for myocardial infarction and Crohn’s disease.”?> Compared with age-
matched controls, men with CP-CPPS are more likely to have cardiovascular disease,
neurologic disease, sinusitis, and anxiety or depression.”™

Diagnostic Testing

Testing to try and identify specific and it is hoped treatable causes of pelvic pain
should be performed. In most men, however, no such cause is identified. In addition
to history and physical examination (including digital rectal examination), urinalysis
and urine cultures should be performed. A preprostate and postprostate massage
urine is as sensitive and specific as the four-glass test for diagnosing chronic bacterial
prostatitis.”* Other tests for consideration, which are detailed elsewhere, include pros-
tatic ultrasound, urethral swab, urodynamic studies, and prostate-specific antigen.

Management

Although the evidence is mixed, a 4- to 6-week course of antibiotics in men with
CP-CPPS is frequently prescribed.®® Repeated courses of antibiotics are not advis-
able. a1-Adrenergic antagonists may also be effective when used for at least 3 months
or longer. Tricyclic antidepressants (eg, nortriptyline beginning at 10 mg a day and
increasing gradually up to a maximum of 75-100 mg daily if necessary) may ameliorate
pain by inhibiting neuronal uptake of norepinephrine and serotonin and thereby mod-
ulating visceral hypersensitivity. Other agents that have been tried with variable benefit
include finasteride and the anti-inflammatory bioflavonoid quercetin.

Pelvic floor physical therapy not only improved overall symptoms but also improved
sexual dysfunction.” Acupuncture has also been suggested.”® Prostate-specific ther-
apies, such as microwave thermotherapy or transurethral needle ablation, have limited
efficacy.””
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Urinary incontinence (Ul) and fecal incontinence (FI) are commonly encountered in
nursing home residents, and are associated with significant morbidity and use of
health care resources. Ul has been estimated to affect between 50% and 65% of
nursing home residents, and most of these residents also have FI."3 The fact that
so many nursing home residents have both Ul and FI suggests a common cause.®
A recent follow-up study of residents in skilled nursing facilities in Wisconsin®
confirmed that dementia and advancing age were consistently associated with the
development of incontinence, but the strongest associations were impairment of
activities of daily living and the use of patient restraints.

PATHOPHYSIOLOGY OF URINARY INCONTINENCE

Numerous physical disorders contribute to the pathogenesis of Ul among nursing
home residents. Urologic, gynecologic, and neurologic disorders, and functional
impairments, particularly dementia and lack of mobility (including bed restraints),
are primary factors.® Many cross-sectional studies have demonstrated that Ul and
FI are associated with urinary tract infections, respiratory infections, constipation,
and other disorders.5® Recent studies suggest, however, that reducing Ul and FI
alone does not improve skin health or reduce hospitalizations or decrease urinary tract
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infections.®1" Multifaceted interventions may be necessary to improve the chronic
health problems associated with both forms of incontinence among nursing home
residents.’?

It is important to diagnose and treat the underlying disorders, especially reversible
conditions, to reduce the severity and frequency of incontinence episodes. Even when
physiologic conditions are improved, however, nursing home residents may continue
to have “functional” incontinence for several primary reasons: (1) lack of mental
awareness; (2) physical inability to properly toilet themselves; (3) failure of understaffed
nursing homes to provide residents with frequent assistance in toileting (prompted
voiding); and (4) tendency by staff to rely heavily on special undergarments and absor-
bent pads. This article reviews the risk factors for the development of Ul and FI and
addresses how nursing homes can reduce incontinence by providing residents with
adequate toileting assistance in the face of staff and funding limitations.

Medical documentation about the daily care delivery may be so erroneous that even
the best-intentioned efforts to improve the care received by residents may not be
successful.'® A culture of inaccurate documentation is largely created by a discrepancy
between expectations for health care placed on nursing homes by regulatory guidelines
and inadequate reimbursement and staffing to fulfill these expectations. Nursing home
staff has little incentive to implement the technologies necessary to audit and ensure
data quality if accurate documentation reveals that care consistent with regulatory
guidelines is not or cannot be provided because of inadequate staff. A survey process
that largely focuses on chart documentation to assess quality provides further incentive
for care-process documentation as opposed to care-process delivery.

There are two potential solutions to this problem. The first solution is to maximize
the efficiency of available staff resources by targeting residents for toileting programs
who are most responsive. This at least makes it more feasible for staff to provide
adequate toileting assistance to a subset of residents and in so doing increases the
probability of accurate documentation. Validated methods to accomplish such target-
ing are described later in this article. The second solution is to implement quality
monitoring programs that collect information for improvement purposes as opposed
to for compliance purposes. This information could be stored out of the medical
record and hence protected from survey scrutiny, which reduces another source of
motivation for inaccurate documentation. Methods to collect accurate data about
care and the type of data that are useful for improvement have been described.™

URINARY INCONTINENCE AMONG NURSING HOME RESIDENTS

Immobility and dementia are the most critical factors contributing to the development
of Ul in nursing home residents. In three clinical trials assessing the prevalence of
Ul1,121%:16 609% to 90% of incontinent nursing home residents had significant mobility
problems and the average Mini-Mental Status Score for incontinent residents ranged
from 8 to 14, indicating severe cognitive impairment. These data support the conclu-
sions of other research identifying immobility and dementia as the primary risk factors
for developing UL."7

Immobility increases the likelihood of incontinence among nursing home residents
by preventing them from getting to the toilet; dementia reduces their motivation to
do so. There is also ample evidence of dysfunction in the lower urinary tract among
nursing home residents.>81® Any intervention in the nursing home setting, however,
must consider immobility and dementia as first-stage treatment priorities. Treating the
bladder abnormalities alone will not alleviate Ul especially if the resident lacks consis-
tent access to and motivation to use a toilet.
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The degree to which both immobility and dementia contribute to Ul is best esti-
mated by clinical trials using prompted voiding. Three intervention elements of
a prompted voiding program compensate for immobility and dementia-associated
risk factors: (1) residents are approached every 2 hours and asked if they are wet or
dry; (2) residents are prompted up to three times to request assistance; and (3)
when they ask for assistance, residents are socially reinforced and given that assis-
tance to the toilet.2° This simple intervention is labor intensive, does not involve treat-
ment of lower urinary tract abnormalities, and is effective. In various clinical trials, 33%
to 60% of residents reduced the frequency of their incontinence to less than one
episode per day or became continent after participating in a prompted voiding
program.19'21’22

TREATMENT OPTIONS FOR URINARY INCONTINENCE AMONG NURSING HOME RESIDENTS

Bladder abnormalities that are common among incontinent nursing home residents
could be targeted for treatment. Residents who are unresponsive to prompted voiding
have higher baseline voiding frequencies, smaller bladder capacities, and higher post-
voiding residuals.?! Although lower urinary tract disorders no doubt limit the effective-
ness of scheduled toileting interventions, these problems have not been predictive of
residents’ responsiveness to toileting assistance.??

The best predictor of responsiveness to prompted voiding has been a residents’
ability to toilet appropriately during the first 2 to 3 days of the intervention. Residents
who were appropriately toileted (defined as the number of continent voids divided by
continent plus incontinent voids) 65% of the time or more during a 3-day trial period
tended to maintain continence with a toileting program over longer time periods.’®22

This targeting protocol should result in the identification of 30% to 50% of residents
who are most responsive to prompted voiding and it becomes more feasible for staff
to maintain consistent toileting assistance with this limited number of responsive res-
idents. The remaining residents are best managed with a less labor-intensive changing
program and the use of absorbent pads and diapers unless the reasons for their
unresponsiveness to toileting assistance can be addressed.

The most common types of incontinence that may explain a resident’s unrespon-
siveness to toileting assistance and how these conditions are treated are listed in
Table 1. It is important to note, however, that most of the treatments listed in Table 1
have been evaluated only in community-dwelling incontinent people who were
included in the treatment trials because they were independently mobile and cogni-
tively intact. Most long-term-stay nursing home residents do not meet these inclusion
criteria.

The most typical types of incontinence documented in the nursing home are stress
and urge, with many residents showing symptoms of both. Stress incontinence is
characterized by loss of urine because of increase in abdominal pressure (eg, a cough).
This condition is associated with pelvic floor or urethral weakness and treatments
include surgery (bladder neck suspension) and exercises, such as Kegle exercise or
biofeedback. The focus of biofeedback is to teach the patient how to tighten pelvic
floor muscles without increasing abdominal pressure. There are published studies
showing the effectiveness of these treatments in populations outside the nursing
home.?®

Urge incontinence is characterized by involuntary loss of urine because of detrusor
hyperactivity and inability to delay voiding. Medications with anticholinergic effects
and behavioral treatments, such as bladder drills, are recommended treatments.
One recent placebo-controlled trial in which oxybutynin was added to prompted
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Table 1
Common types of incontinence and their treatment
Type Symptoms Common Causes Treatment
Stress Involuntary loss of urine (usually small Weakness and laxity of pelvic floor musculature Surgery
amounts) simultaneous with increase in resulting in hypermobility of the bladder Kegle exercise Biofeedback
intra-abdominal pressure (such as caused base and proximal portion of the urethra.
by coughing, sneezing, laughing). Bladder outlet or urethral sphincter weakness
(intrinsic sphincter deficiency) related to prior
surgery or trauma.
Urge Leakage of urine (usually larger but often Detrusor hyperactivity isolated or associated Medication Bladder drill
variable volumes) because of inability with one or more of the following: local
to delay voiding after sensation of bladder genitourinary condition, such as cystitis,
fullness is perceived urethritis, tumors, stones, diverticula,
outflow obstruction, impaired bladder
contractility. Central nervous system disorders,
such as stroke, dementia, parkinsonism,
spinal cord injury, or disease.
Incomplete Leakage of urine (usually small amounts) Anatomic obstruction by prostate, large Surgery Catheter
emptying resulting from mechanical forces or cystocele, a contractile bladder associated

an overdistended bladder

with diabetes mellitus or spinal cord injury

00L

3[|1auyds 1B buna



Urinary and Fecal Incontinence

voiding showed that a small subgroup of residents with detrusor hyperactivity may
benefit from this drug. There are no other controlled trials showing the benefits of blad-
der relaxant drugs in the nursing home even though new long-acting preparations
await controlled testing. Bladder drills require a patient to resist the sensation of ur-
gency to postpone voiding according to a timetable that is progressively increased.
Initially the goal is set at 2 to 3 hours and then extended. This procedure has never
been evaluated in a nursing home population and it is doubtful if many residents could
comply with the therapeutic instructions to delay voiding.

A smaller percentage of nursing home residents have incontinence associated with
incomplete bladder emptying that is characterized by high (>200 mL) postvoid resid-
uals. Treatment is suggested if these high residuals are associated with complications,
such as recurrent urinary tract infections. Interventions include correcting anatomic
problems, such as an enlarged prostate or a large cystocele. If there is no anatomic
problem, then either intermittent or indwelling catheters are options.

The interventions for incontinence described in this section are either invasive or
require a person to follow multiple-step instructions in the case of the behavioral treat-
ments. It is doubtful if most are widely applicable to a nursing home population and
there is evidence that consumers prefer behavioral treatments over the more invasive
interventions and medications.?*

In this regard, it has been suggested that prompted voiding be a first-line treatment
for incontinence for all nursing home residents and that further treatment only be con-
sidered for those residents who are highly motivated to be continent but who remain
frequently wet in response to prompted voiding. The choice of the intervention for this
latter group of residents largely depends on their ability to follow multistep instructions
or to tolerate surgery. In addition, if the resident is unable to toilet independently then
any treatment has to be supplemented with prompted voiding.?®

FECAL INCONTINENCE AMONG NURSING HOME RESIDENTS

In nursing homes, FI may be a marker of declining health and increased mortality. In
one study, 20% of nursing home residents developed new-onset of FI during
a 10-month period after admission. Also, long-lasting incontinence was associated
with reduced survival.?® Immobility and dementia preclude residents from getting to
the toilet in time and are important risk factors for the development of Fl. Adjusting
for the major reasons to apply patient restraint (dementia, blindness, arthritis, and
stroke), along with other risk factors for incontinence, the use of patient restraints
was the most significant cause for the development of incontinence in nursing homes
in one recent report.*

Two studies that did not involve a toileting program have confirmed that dementia
and immobility play a key role in the development of Fl. A retrospective study found
that 46% of 388 nursing home residents were affected by Fl. Although diarrhea was
the strongest risk factor, dementia actually played a greater role in the development
of FI." Borrie and Davidson?® also found that 46% of subjects (among 457 long-term
care hospital patients) had Fl, and concluded that immobility and impaired mental
function were independent predictors of Fl. Immobility was the strongest predictor of
FI as measured by nursing time spent toward assisting incontinent patients, handling
laundry, and incontinence supplies.?®

The role of these risk factors can be minimized by a prompted voiding program,
even if residents have disorders that contribute to their FI. Two studies have estimated
the effectiveness of scheduled toileting programs in reducing the frequency of Fl,
thereby assessing the extent to which immobility and dementia contribute to this
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condition.’27 In one study, toileting assistance for Ul offered to male and female res-
idents every 2 hours significantly decreased Ul and significantly increased the number
of appropriate bowel movements from 23% to 60% (n = 165).27 Although the
frequency of Fl was not decreased significantly, there was a trend in this direction.
The second Ul treatment trial'" involved a comprehensive intervention that integrated
toileting assistance (prompted voiding), a fluid-prompting protocol, and exercises to
improve mobility. Residents showed significantly decreased Ul, increased fluid intake,
and improvements in mobility endurance. This program also resulted in a significant
decrease in the frequency of FI from 0.6 to 0.3 episodes per day and a significant
increase in appropriate fecal voiding in the toilet. The frequency of FI was only
measured over 2 days, however, and 46% of the residents had no fecal voids (conti-
nent or incontinent) revealing that constipation remained a persistent problem. The
lack of a significant difference between the intervention and control groups in the total
frequency of fecal voids during this 2-day monitoring period suggested that constipa-
tion was not alleviated by the intervention. Neither of these trials controlled for laxative
use, medications with constipating side effects, or caloric intake, which was known
to be very low; consequently, fiber intake may have also been low. Also, anorectal
function was not determined.

Similar to UI, several gastrointestinal disorders can play a role in the etiology of Fl in
nursing home residents. Common causes are impaired anorectal sensation, lower
sphincter squeeze pressures, and reduced integrity of sphincter or pelvic floor mus-
cles.?® One report described a subset of mentally intact but immobile nursing home
residents, particularly stroke victims, who have Fl but have normal anorectal function.
These residents require assisted toileting more than any other interventions. This small
study compared anorectal measurements for four nursing home residents who had Fl;
six ambulatory, elderly community-dwelling subjects who had Fl; and four controls
without FI.2° Two of the four nursing home residents had normal measurements on
anorectal testing, with normal squeeze duration and squeeze pressures. Despite
having intact mental status and an awareness of impending bowel movement, both
individuals had stroke-related impairment of their mobility and required toileting assis-
tance. The other two nursing home subjects, however, had reduced squeeze pres-
sures and other abnormalities compared with controls. The results suggest that
although symptoms normally correlate with manometric abnormalities in ambulatory
persons with Fl, such correlation may not exist among immobile nursing home resi-
dents with Fl. An incorrect diagnosis of the factors influencing FI may have a negative
effect on the perception of nursing home residents regarding their management,
and may partially account for the disparity between their observed symptoms and
anorectal measurements.?®

Constipation plays an integral role in the development of fecal impaction and Fl
among the institutionalized elderly. The incidence of constipation increases with age
and is also attributable to immobility, “weak straining ability,” the use of constipating
drugs, and neurologic disorders.*° Defined as two or fewer bowel movements per
week, hard stools, straining at defecation, or incomplete evacuation, constipation
can result from a combination of lack of dietary fiber intake, poor fluid intake and
dehydration, and the concurrent use of various “constipating” medications.®! Fecal
impaction, a leading cause of Fl in the institutionalized elderly,®? results largely from
the person’s inability to sense and respond to the presence of stool in the rectum.
Decreased mobility and lowered sensory perception are common causes.>3 A retro-
spective screening of 245 permanently hospitalized geriatric patients®* revealed that
fecal impaction (55%) and laxatives (20%) were the most common causes of diarrhea
and that immobility and FI were strongly associated with fecal impaction and diarrhea.
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Constipation, fecal impaction, and overflow FI are common events in nursing home
residents. Until recently, in the absence of comprehensive anorectal testing, drug-
induced constipation was considered the most likely explanation. The high prevalence
of constipation in nursing home residents, however, is only partly caused by adverse
drug effects.3® A recent study reported systematic anorectal testing of nursing home
residents with Fl. This preliminary report documented for the first time impaired
sphincter function (risk factor for Fl), decreased rectal sensation, and sphincter dyssy-
nergia (risk factor for constipation and impaction) affecting up to 75% of the assessed
residents.3® The sphincter dyssynergia documented in these nursing home residents
with FI%® has shed new light on the frequent association between constipation and Flin
nursing home residents.

TREATMENT OPTIONS FOR FECAL INCONTINENCE AMONG NURSING HOME RESIDENTS

Unlike Ul there is a paucity of data derived from randomized controlled trials of treat-
ment regimens of Fl in the nursing home setting. A Medline search of publications from
1966 to 2008 performed on May 10, 2008, yielded the following number of citations:
FI (n = 6469); nursing home (n = 27343); randomized controlled trial (n = 56019);
evidence based (n = 40500); FI and nursing home (n = 126); FI, nursing home, and
randomized controlled trial (n = 0); Fl, nursing home, and evidence based (n = 0).
Much of what follows is a narration of clinical experience repeatedly reviewed in the
literature.

When Fl is associated with diarrhea, it is important to treat underlying disorders,
such as lactose malabsorption (or intolerance), bile salt malabsorption, and inflamma-
tory bowel disease. Antidiarrheal medications, such as loperamide®’ and diphenoxy-
late,3” or bile acid binders, such as cholestyramine,3® may help. Gradually increasing
the intake of dietary fiber can relieve constipation for many elderly subjects. Stool soft-
eners, saline laxatives, stimulant laxatives, and single-agent osmotic products are
frequently administered as prophylactic treatment against constipation and impac-
tion. In a study of institutionalized elderly patients,®® the use of a single osmotic agent
with a rectal stimulant and weekly enemas to achieve complete rectal emptying
reduced the frequency of Fl by 35% and the incidence of soiling by 42%. If fecal
impaction is not relieved by laxatives and better toileting, a regimen should be imple-
mented using manual disimpaction, tap water enemas two or three times weekly, and
possible use of rectal suppositories.*? In the presence of impaired sphincter function
and decreased rectal sensation, however, the fluidity of the stool induced by the use of
laxatives and stool softeners administered to prevent constipation and impaction may
predispose the nursing home residents to manifest Fl. The recent finding of anal
sphincter dyssynergia in a high proportion of nursing home residents with FI3® sug-
gests that a new approach to the management of Fl should consist of neuromuscular
conditioning to improve the dyssynergic sphincter function. Even though the efficacy
of biofeedback therapy has been demonstrated by a randomized controlled trial
in ambulatory patients,*' in nursing home residents dementia and immobility may
limit the effectiveness of such treatment. Other novel approaches deserve to be
considered.

SKIN CARE IN NURSING HOME RESIDENTS WITH INCONTINENCE

The use of a defined skin care regimen that includes a cleanser and a moisture barrier
is associated with a low rate of incontinence-associated dermatitis in these inconti-
nent residents, and use of a polymer skin barrier film three times weekly is effective
in preventing incontinence-associated skin breakdown.*? One uncontrolled trial
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focused on an innovative adult brief that encouraged skin cleansing during inconti-
nence care. The system was easily and effectively incorporated into the nursing
home, and was used and favored by certified nurse assistants whenever available
(97% of the time). Patterns of incontinence care differed at follow-up with one-step
incontinence system compared with wipes placed at the bedside, with fewer linens
used, fewer wipes used, and less certified nurse assistant interruption during care.*3

SUMMARY

Multiple studies have shown that dementia and health-related or restraint-related
immobility contribute to Ul and FI. These factors must be considered when developing
interventions to improve Ul or Fl in nursing home residents. Two clinical intervention
trials'127 that evaluated the effects of prompted voiding on Ul and FI have demon-
strated that scheduled toileting significantly increased the rates of appropriate urinary
and fecal voids and can decrease the frequency of Ul. Only the trial that combined
prompted voiding with a fluid intake and exercise protocol, however, resulted in
a significant decrease in the frequency of Fl episodes. Even in this successful trial,!
the overall rate of bowel movements remained low: during 2 days of hourly checks,
43% of residents had no bowel movements, despite consistent toileting assistance,
exercise, and increased fluid intake and exercise. Fifty-six percent of the control
subjects who received no intervention also had no bowel movements during the
2 days of hourly checks. The recently described high prevalence of sphincter dyssy-
nergia in nursing home residents with FI3® may offer the missing link in this enigma.

FUTURE RESEARCH

Longer measurement periods, control for laxatives and medications with constipating
side effects, and an intervention to increase both food and fluid intake are necessary.
Feeding assistance protocols that significantly improve caloric intake in this popula-
tion** should also be considered. Staff time requirements need to be documented.
The addition of simple behavioral modification of advice to refrain from straining, so
as not to trigger the development of sphincter dyssynergia, and the use of bulking
agents*®~%® combined with scheduled toileting'"2” should be compared with usual
laxative prophylactic management. Finally, the role that inadequate staffing and staff
management have in contributing to incontinence in so many residents should con-
tinue to be documented until policy-level changes are made in how nursing homes
are reimbursed and evaluated. For Fl treatment, toileting assistance is logical. The
effectiveness and time requirement of a comprehensive program addressing not
only immobility and dementia but also other factors including physical activity, medi-
cations, disimpaction, and resolution of sphincter dyssynergia remain to be evaluated.
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Anorectal disorders include a diverse group of functional and pathologic conditions
that cause significant patient discomfort and disability. They are common in children
and are usually mild and short-lived if the child receives prompt and adequate atten-
tion during the early phase of the disorder. Frequently, however, the child presents
long after the appearance of initial symptoms, when the symptoms may have
become more difficult to treat. Altered stool frequency and altered behavior with def-
ecation are common presenting symptoms in children who have anorectal disorders.
These alterations may be affected by several factors such as diet, social habit,
convenience, parents’ cultural beliefs, interrelationships within the family, and daily
timing of activities. In addition, all of the previously described factors may vary in
relation to the age and the degree of psychophysical development of the child.” It
has been estimated that 10% of children are brought to medical attention because
of an anorectal disorder, and constipation is the chief reason for these visits to
pediatricians.?

This article reports the clinical, physiopathologic, diagnostic, and therapeutic
aspects of the most common anorectal disorders in children. In particular, it focuses
on the differential diagnosis between organic and functional constipation. In addition,
the authors separately examine some of the clinical conditions such as atopy, neuro-
logic diseases, and anorectal malformations, in which chronic constipation may be an
important clinical manifestation.

CONSTIPATION

Constipation is a symptom rather than a disease and often constitutes a major prob-
lem for the child and his or her family. Unfortunately, there is no universally accepted
definition of chronic constipation.® Recently, a group of pediatric gastroenterologists
and pediatricians with an interest in gastrointestinal (Gl) motility reached agreement
on defining childhood functional defecation disorders.* Based on this consensus,
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constipation was defined as the occurrence of two or more of the following six
characteristics during the previous 8 weeks:

Two or less bowel movements in the toilet per week

One or more episodes of fecal incontinence per week

History of retentive posturing and withholding behavior

History of painful defecation

Presence of large stools in the rectum or palpable on abdominal examination
History of large diameter stools that may obstruct the toilet

The group also adopted the term fecal incontinence to replace the terms encopresis
and soiling.* With 84% of constipated children suffering from this disorder, the invol-
untary passing of fecal material in the underwear is one of the major features of child-
hood constipation.>~” Hence, it is important to distinguish between constipation with
fecal incontinence and functional nonretentive fecal incontinence (FNRFI), because
different pathophysiological mechanisms are involved. Both entities can result in fecal
incontinence, but in children who have FNRFI, there are no signs of constipation.
In many studies, constipated children who have fecal incontinence and children
who have FNRFI are grouped into one study population, because both groups have
fecal incontinence. Nevertheless, about 80% of children who have fecal incontinence
experience chronic constipation.5=°

The normal frequency of bowel movements at different ages has been well-
characterized (Table 1).°

Infants have amean of 4 stools per day during the first week of life. This frequency grad-
ually declines to a mean average of 1.7 stools per day at 2 years of age and 1.2 stools per
day at 4 years of age. Some normal breast-fed babies do not have stools for several days
or longer. After 4 years, the frequency of bowel movements remains unchanged.? 112

A normal pattern of stool evacuation is thought to be a sign of good health in chil-
dren of all ages. Often, during the first months of life, parents pay close attention to
the frequency and characteristics of their child’s defecation. Any deviation from
what is thought by a family member to be the norm for the child may trigger a call
to the nurse or a visit to the pediatrician. In fact, chronic constipation is a source of
anxiety for parents who worry that it may be a symptom of serious disease.'?

Table 1
Normal frequency of bowel movements in children'
Age Bowel Movements Per Week?® Bowel Movements Per Day”
0-3 months
Breast-fed 5-40 2.9
Formula-fed 5-28 2
6-12 months 5-28 1.8
1-3 years 4-21 1.4
More than 3 years 3-14 1.0

T o

Approximately mean + 2SD.

Mean.

Data from Baker S, Di Lorenzo C, Liptak G, et al. Evaluation and the treatment of constipation in
infants and children: recommendation of the North American Society for Pediatric Gastroenterol-
ogy, Hepatology and Nutrition. J Pediatr Gastroenterol Nutr 2006;43:e1-13.
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EPIDEMIOLOGY

Constipation is the main complaint in 3% of pediatric outpatient visits.'®

This percentage increases to 25% to 45% in specific pediatric—-Gl motility clinics. To
date, the worldwide prevalence of constipation in children varies widely and is esti-
mated to range between 0.6% and 29.6%."4-'® This wide range could be caused
by differences in survey methods, age distribution, or definition.!”

Organic causes actually affect less than 10% of children presenting with constipa-
tion. In children who have cerebral palsy or autism, constipation is reported in 26.5%
to 74% of subsets.'81°

In very low birth weight infants (<750 g), constipation is very common (32%). When
evaluated between 10 and 14 years of age, these children continue to experience
higher rates of toileting problems such as encopresis and withholding behavior,
and neuro-developmental impairment when compared with age-matched children
of higher birth weight.?°

Some children may be genetically predisposed to developing constipation. A family
history of constipation has been found in 28% to 50% of cases, and there is a higher
incidence in monozygotic twins when compared with dizygotic twins. It has been
reported that in some children constipation is associated with specific dermatoglyphic
pattern.?'?2 Constipation usually is reported to be more common in boys than in girls,
with a 2:1 ratio, although some describe an equal prevalence between the sexes.?®

PHYSIOLOGY OF DEFECATION

A brief review of the physiology of defecation indicates that there are several motor
patterns normally responsible for the movement of colonic contents:

Segmental, nonpropagated, phasic contractions mixing luminal contents
Powerful high-amplitude propagated contractions (HAPCs) that propel stools
aborally

Changes in colonic tong®42°

An increase in colonic motility and tone after a meal, also known as the gastroco-
lonic response, moves the stools from the more proximal colon to the rectosigmoid
region. The HAPCs are the most powerful contractions found in the large bowel and
are the manometric equivalent of the mass movements described in the radiologic
literature. The descending fecal bolus distends the empty rectum, stimulating sensory
receptors in the bowel wall and pelvic floor. Ascending sensory fibers allow conscious
awareness of rectal distension. There is a transient contraction of the voluntary
striated muscles, the external anal sphincter (EAS), and the puborectalis sling,
the so-called inflation reflex. Transmission of the nerve impulse distally by the myen-
teric plexus of the lower rectal wall produces a reflex inhibition of the involuntary inter-
nal anal sphincter (IAS), the recto—anal inhibitory reflex (RAIR), and of the EAS involving
reflex pathways. Several studies in term and preterm infants have shown that the RAIR
is present in infants older than 26 weeks gestation.?® Relaxation of the puborectalis
muscle allows widening of the anorectal angle (from resting 60° to 105° to 140°),
resulting in an unobstructed anal canal. The increased abdominal pressure and rectal
peristalsis result in expulsion of feces and emptying of the entire rectum. Before the
acquisition of voluntary control, rectal distension results in EAS loss of electrical activ-
ity and tone (inhibition reflex). By 24 to 30 months of age, the maturation of myenteric
ganglion cells is associated with persistence of EAS tonic activity mediated by a spinal
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reflex and augmented by supraspinal cortical centers, allowing the normal inflation
reflex and conscious control of defecation.

The sensitive lining of the anoderm perceives the stool, and a conscious decision is
made whether to expel it or to postpone defecation by contracting the external anal
sphincter and the puborectalis muscle. If defecation is delayed to a later time, signif-
icant voluntary effort that includes contraction of the abdominal muscles and relaxa-
tion of the pelvic floor will be needed to push the stool into the anal canal and produce
a bowel movement. If this sequence is difficult or cannot be produced effectively, con-
stipation ensues.

PATHOGENESIS OF FUNCTIONAL CONSTIPATION

The pathophysiological mechanisms that underlie childhood functional constipation
are multifactorial, and not understood well. In 90% to 95% of patients, no specific
organic cause can be found.®

In some babies, an acute episode of constipation may occur associated with
a change in diet. Passage of dry and hard stools may cause anal fissures and pain.
Genetic predisposition may play a role, because constipation often dates back to
the first months of life, and many patients have a positive family history of constipation.

The timing of toilet training is critical, because constipation may occur as a conse-
quence of conflicts between the child and parents. Retentive posturing is probably the
major cause for the development or persistence of constipation in toddlers.

Other causes of stool withholding behavior include the previous passage of large,
hard, or painful stools; anal fissures; significant behavioral problems; lack of time for
regular toileting; and distaste for toilets other than the child’s own.?”

When the retentive toddler experiences the urge to defecate, he or she assumes an
erect posture and holds the legs stiffly together to forcefully contract the pelvic and
gluteal muscles. Consequently, the rectum accommodates to its content, and the
urge to defecate disappears. The retained stools become progressively more difficult
to evacuate, leading to a vicious circle in which the rectum increasingly is distended by
large fecal contents. Finally, chronic rectal distension may cause overflow inconti-
nence, loss of rectal sensitivity, and in the end, loss of normal urge to defecate.
This aberrant behavior may lead to the unconscious contraction of the external
sphincter during defecation.?®2° Furthermore, abnormalities in rectal function were
felt to be responsible for persistent complaints and relapses. Increased compliance
of the rectal wall has been proposed as a contributing mechanism for intractable
pediatric constipation. A recent study demonstrated that recovered adolescents
had a lower rectal compliance when compared with patients who had functional
constipation. In almost half of the recovered patients, however, rectal compliance
was above the normal range.3°

FUNCTIONAL CONSTIPATION

The term functional constipation’ describes all children in whom constipation does not
have an organic etiology. Because functional constipation and functional fecal reten-
tion often overlap, the two disorders have been merged into one category termed
functional constipation.

Approximately 40% of children who functional constipation develop symptoms
during the first year of life, with a peak incidence during the time of toilet training, often
between 2 and 4 years of age.>3'

A careful history needs to elicit the time after birth of the first bowel movement, the
time of onset of the problem, characteristics of stools, the presence of associated
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symptoms (pain at defecation or fecal incontinence), stool withholding behavior,
urinary problems, and neurologic deficits. Fecal incontinence may be mistaken for
diarrhea by some parents. Urinary problems are also common in these children.

Onset of constipation frequently occurs during one of three periods: 1) when the infant
switched from breast milk to either formula milk or introduction of solids, 2) when the
toddler is acquiring toileting skills and finds defecation painful, and 3) when the child
starts school (they tend to avoid defecation throughout the school day).

The physical examination includes assessment of the size of the rectal fecal mass,
which often is estimated by calculating the height above the pelvic brim with bimanual
palpation on either side of the rectus sheath and rectal examination after establishing
a relationship with the patient and the family. When the history is typical for functional
constipation, the perineum should be inspected, but a digital rectal examination may
be delayed to facilitate bonding between the child and the clinician or until failure of
a treatment trial. If the clinician plans a single consultation without follow-up, a rectal
examination is necessary to evaluate the child for a rare obstructing mass or fecal
impaction.

External examination of the perineum and perianal area should exclude signs of
spinal dysraphism.

A plain radiograph of the abdomen can be useful for determining the presence of
fecal retention in a child who is obese or refuses rectal examination.

Diagnosis

Childhood functional constipation is a clinical diagnosis that can be made in most
cases on the basis of a typical history and an essentially normal physical examination.
In the absence of red flags, testing is neither necessary nor desirable (Box 1).% In
atypical cases or when conventional treatment fails, the primary care physician
may choose diagnostic tests to diagnose an organic cause or to consult with
a subspecialist.

The initial diagnostic workup includes serologic assays for celiac disease, evalua-
tion of thyroid function in selected cases, and serum electrolytes, calcium level, aller-
gic testing.’® Manometric studies usually are not indicated in the evaluation of
adolescents who have defecation disorders. They are useful only in a subset of

Box 1

Alarming features for childhood constipation
Onset of constipation <12 months of age
Delayed passage of meconium

No withholding

No fecal incontinence

Failure to thrive

Empty rectal ampulla

Pigmentary abnormalities

Heme-positive stools

Presence of extraintestinal symptoms
Bladder disease

No response to conventional treatment
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patients who have constipation that is refractory to treatment.®? The main indication
for anorectal manometry is to demonstrate the presence of RAIR. The presence of
RAIR excludes Hirschsprung’s disease.’® Other diagnostic tests such as colonic
manometry, barium enema, colonic transit time, and rectal biopsy can be useful in
selected cases.

Assessment of total and segmental colonic transit time (CTT) using radio-opaque
markers provides accurate and reliable information about colorectal motor function in
defecation disorders.3® The marker technique is used to localize the delay in colonic
transit and is particularly helpful if bowel history is unreliable. Studies in children who
have constipation show different colonic transit patterns: normal transit time, dyssyner-
gic defecation-delayed transit through the anorectal region, and slow transit constipa-
tion-prolonged transit through the entire colon. Normal CTTs are found in 39% to 58%
of constipated children. The most common type of delayed CTT in children is outlet
delay caused by dyssynergic defecation. The radio-opaque marker test is useful for
differentiating children who have constipation from those who have functional nonre-
tentive fecal incontinence.?? Colonic transit abnormalities in both the left colon and rec-
tum may be responsible for constipation in children who have severe brain damage.3*

Colonic manometry can be used to discriminate between functional and the rare
neuromuscular causes of severe and therapy-resistant constipation. The markers
for normal motility are the presence of HAPCs and the presence of a gastrocolonic
response to a meal. In most children who have constipation, colonic motility is normal,
showing HAPCs and an increase in motility in response to a pharmacologic stimulus or
administration of a meal. In those patients who have colonic neuropathies, contrac-
tions are often present but may be disorganized with absence or incomplete propaga-
tion of the HAPCs. In patients who have myopathies, colonic contractions are absent
or very weak and are unable to propel stool.?®

MANAGEMENT OF CHILDREN WITH FUNCTIONAL CONSTIPATION

The Childhood Constipation Working Group of the British Society of Pediatric Gastro-
enterology, Hepatology, and Nutrition recently reported that on the basis of a system-
atic review of available treatments, there was insufficient evidence to make any
recommendations for practice, and that guidelines would need to be based on clinical
experience, evidence, and consensus.®® The general approach to the child who has
functional constipation includes the following steps: education, disimpaction, preven-
tion of reaccumulation of feces, and follow-up.3®

A critical first step is to manage anxiety among parents and children. An important
component of treatment includes behavior modification and regular toilet habits. The
child may be fearful of painful defecation, and parents need to understand that coer-
cive toilet training in this period of life will be ineffective. The child is instructed to
attempt to defecate after meals three times daily for 5 minutes. The child is encour-
aged to strain actively while placing his or her feet on a footrest. In older children, fecal
incontinence and its social consequences need a nonaccusatory management
approach; it is essential to provide reassurance regarding the benign nature of this
behavioral disorder.%13

The objectives of treatment are to remove fecal impaction, to restore a normal bowel
habit with soft stools that can be passed without discomfort, and to ensure self-
toileting and passage of stools at appropriate places.®” Disimpaction is indicated
when a large fecal mass is present that is unlikely to be expelled without pain. This
is accomplished best with oral medication or enemas. High doses of polyethylene
glycol 3350 (1 to 1.5 g/kg/d for 3 days) have been shown to be effective.®® The use
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of suppositories, enemas, and manual evacuation is more contentious, and a careful
balancing of physical and psychologic benefits and harms is necessary. Once impac-
tion has been removed, the treatment should focus on preventing a recurrence. This
treatment consists of dietary interventions, behavioral modification, and laxatives to
assure that bowel movements occur at normal intervals with easy evacuation.

The association between fiber intake and constipation is still controversial. Two
case control studies in children have examined fiber intake in constipated children
compared with healthy controls.3%4° Discriminant analysis showed that only fiber
intake was correlated independently with constipation.3® On the other hand, it has
been demonstrated that constipated children generally do not consume less fiber
than healthy children, and treatment with increased fiber intake did not result in clinical
improvement.?® Two small double-blind placebo-controlled trials in 20 neurologically
impaired constipated children and in 31 otherwise healthy constipated children
showed beneficial effects on stool frequency, stool consistency, incontinence
episodes, suppository use, and adverse effects for glucomannan, a fiber gel polysac-
charide.*"42 Although the authors recommended an increased fiber intake in children
who have constipation, larger clinical trials are needed to confirm these studies.

The aim of a combination of behavioral treatment (toilet training in combination with
a rewarding system, diminishing of toilet phobia), cognitive (psychotherapy, cognitive
therapy and family therapy, or educational intervention) and laxative treatment is to
lower the level of distress and develop or restore normal bowel habits by positive
reinforcement, preservation of self-respect, and encouragement of the child and par-
ents during the treatment.*® In a large prospective randomized—controlled trial of
162 constipated children, a higher cure rate was found in children receiving behavioral
intervention (toilet training, positive reinforcing scheme, and dietary advice) plus laxa-
tives (polyethylene glycol, oral and rectal bisacodyl, followed by a long-term treatment
of mineral oil plus phenolphthalein) compared with those receiving solely behavioral
intervention at both 6 and 12 months of follow-up.** In a randomized- controlled trial
of 87 constipated children (8.6 + 2.0 years), enhanced toilet training (intensive medical
treatment plus behavior management) was more effective than either intensive
medical treatment or biofeedback training, although the difference was not statistically
significant.**

Once disimpaction has been achieved, it is essential to begin an oral daily laxative
immediately and continue treatment for several months to prevent reaccumulation of
retained stools and recurrence of stool withholding behavior. Osmotic laxatives, stim-
ulant laxatives, and prokinetics are recommended. Recently, polyethylene-glycol
(PEG) has been suggested as a laxative in adults and children who have constipation.
The correct dose is that which produces a daily evacuation of soft stool without
adverse effects.

In children, uncontrolled, unblinded, and randomized-controlled studies have been
performed to assess the effects of PEG. These studies have reported the effects of
PEG at low doses, with mean effective doses ranging from 0.6 to 0.8 g/d.?® A double-
blind, randomized-controlled trial showed that both PEG and lactulose significantly
increase stool frequency and decrease the frequency of incontinence. Abdominal
pain, straining, and pain with defecation decreased significantly; however, more chil-
dren on PEG complained about the bad taste.*® Controlled studies of PEG in child-
hood constipation show that neither PEG 4000 (without added salts at 4 to 8 g) nor
lactulose at 3.3 to 6.6 g induced any change in blood electrolytes, total protein, serum
albumin, or vitamins A and D over a 3-month period. These studies confirm the effi-
cacy and safety of PEG 4000 in childhood constipation.*®47 In addition, a more recent
randomized, double-blind crossover trial showed that PEG 3350 plus electrolytes is
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Table 2

Medications for use in treatment of constipation

Medications

Treatment Adverse
Effects and Comments

Quality of Evidence'®

Oral administration

Lubricant

Softens stool and eases passage

Mineral oil: <1 year-old not Chill or give with juice; risk In children: |
recommended; disimpaction of lipoid pneumonia;
15-30 mLl/y of age, up to adherence problems; leakage
240 mL daily for maintenance may occur if dose is too
1 to 3 ml/kg/d given once daily high or impaction is present.
or in divided doses twice daily
Osmotic laxatives Retain water in stool, which
adds bulk and softness
Lactulose (concentration: Abdominal cramping, flatus; In infants: Il
10 g/15 mL): 1 to 3 ml/kg/d lactulose is a synthetic In children: |
given in divided doses disaccharide
twice daily
Magnesium hydroxide (milk of Infants are susceptible to In children: |
magnesia; concentration: magnesium poisoning; with
400 mg/ 5 mL): 1 to 3 ml/kg/ d overdose or renal insufficiency:
given in divided doses twice risk of hyperrmagnesemia,
daily magnesium hydroxide hypophosphatemia,
(concentration: 800 mg/5 mL): or secondary hypocalcemia
0.5 ml/kg/d given in divided
doses twice daily
PEG 3350 (17 g/240 mL of Solution may be prepared In children: lil
water or juice): disimpaction: in advance for administration
1-1.5 g/kg/d for 3 days over one to two days.
PEG 3350-4000 maintenance: Excellent adherence
0.26-0.84 g/kg/d
Sorbitol: 1 to 3 ml/kg/d given Less costly than lactulose In infants: Ill
in divided doses twice daily In children: |
Stimulants Short-term use only; improves
effectiveness of colonic and
rectal muscle contractions
Senna syrup (8.8 g sennoside Risk of idiosyncratic hepatitis, In children: II-1
per 5 mL) melanosis coli, hypertropic
Age 2-6 years: 2.5-7.5 mL/d osteoarthropathy, analgesic
given in divided doses nephropathy, abdominal
twice daily Framping; meIanosi§ co.Ii .
Age 6-12 years: 5-15 mL/d given |mprov§.s afé(ler med(ljcatlon ||s
in divided doses twice daily stoppe M tablets and granules
are available
Bisacodyl (5 mg tablets): Abdominal cramping, In children: II-1

one to three tablets given
once or twice daily

diarrhea, hypokalemia

Rectal administration

Glycerin suppository

No adverse effects

Bisacodyl suppository (10 mg):
one-half to one suppository
administered once or
twice daily

Abdominal cramping,
diarrhea, hypokalemia
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significantly more effective than placebo for treating chronic constipation in children.*®
The doses of these medications are reported in Table 2. Discontinuation should be
considered only when the child is having regular bowel movements and without diffi-
culty.2® Although 60% of all children referred to a tertiary medical center for chronic
constipation were treated successfully at 1 year follow-up by intensive medical and
behavioral treatment, however, one third of the children followed-up beyond puberty
continued to have severe complaints of constipation.*®

CONSTIPATION AND ATOPY

In several studies, chronic constipation in children has been reported as a clinical
manifestation of cow’s milk allergy (CMA).5%%" lacono and colleagues found that in
children who had chronic constipation, 68% demonstrated improvement in their
bowel habit when treated for 2 weeks with dietary elimination of cow’s milk proteins.
In these children, fecal retention was associated with pain on defecation, possibly
related to allergic proctitis. Supporting this hypothesis was the presence of eosino-
phils in the lamina propria of 59% of these patients.*® In another study, although an
association between chronic constipation and CMA was reported, no correlation
was found between the clinical response to elimination diet, specific IgE levels, or
prick test for milk proteins.®?

There are conflicting data on this association, however. Loening-Baucke reported
that children who had chronic constipation and a history of cow’s milk protein allergy
or atopy did not improve on a 2-week elimination diet.>® In contrast, a recent study by
Simeone and colleagues® evaluated the prevalence of chronic constipation in unse-
lected children, its association with atopy, and the efficacy of a cow’s milk protein
elimination diet on refractory constipation. In this study of 5000 pediatric subjects,
prevalence of atopy among children who had chronic constipation was similar to
that of the general population, and refractoriness to chronic constipation was not
related to CMA.

NONRETENTIVE FECAL INCONTINENCE

Nonretentive fecal incontinence represents the repeated and inappropriate passage of
stool at a place other than the toilet in a child older than 4 years who has no evidence
of fecal retention.

According to the Rome Il criteria, children who present with symptoms listed
subsequently are considered to have functional nonretentive fecal incontinence
(FNRFI). Diagnostic criteria (must be fulfilled for at least 2 months before diagnosis)
for nonretentive fecal incontinence* must include all of the following in a child with
developmental age of at least 4 years:

Defecation into places inappropriate to the social context at least once per month

No evidence of an inflammatory, anatomic, metabolic, or neoplastic process that
explains the subject’s symptoms

No evidence of fecal retention

Children with FNRFI often have daily bowel movements in the toilet but additionally
have nearly complete stool evacuation in their underwear more than once a week.
They have neither palpable abdominal or rectal fecal mass on physical examination
nor a fecal mass identified on abdominal radiographs. An abdominal radiograph
may be required to diagnose occult fecal retention because of incomplete passage
of stool.
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Colonic radiopaque marker studies in these children reveal that they have normal
CTTs. The frequency of daytime and nighttime enuresis is higher (40% to 45%) for chil-
dren who have FNRFI compared with constipated children. Children who have FNRFI
have significantly more behavioral problems and more externalizing or internalizing of
psychosocial problems than controls.

Treatment for FNRFI is based on education, a nonaccusatory approach, regular
toilet use with rewards, and referral to a mental health professional when appropri-
ate. Successful resolution of symptoms may require prolonged treatment and
follow-up.8-55:56

ORGANIC CONSTIPATION

Organic causes actually affect 5% to 10% of children presenting with constipation,
and Hirschsprung'’s disease is an uncommon condition even in young infants.

Box 2 summarizes the most common organic conditions responsible for childhood
constipation.

Hirschsprung’s Disease

Epidemiology

Hirschsprung’s disease occurs in approximately 1 of each 5000 live births and with
a male predominance of 4:1. It is generally sporadic, although in 3% % to 7% of cases
a genetic transmission has been reported. The risk for short-segment disease is 5% in
brothers and 1% in sisters of index cases; for long-segment disease, the risk is 10%,
regardless of sex.5’

Etiology
Hirschsprung’s disease is a heterogeneous genetic disorder, resulting from an anom-
aly of the enteric nervous system of neural crest cells origin, and characterized by the
absence of parasympathetic intrinsic ganglion cells in the submucosal and myenteric
plexuses. It is regarded as the consequence of the premature arrest of the craniocau-
dal migration of vagal neural crest cells in the hindgut, between the fifth and 12th week
of gestation, to form the enteric nervous system. Therefore it is regarded as a neuro-
cristopathy.®® The aganglionic segment is contracted permanently, causing proximal
dilatation.5®

Hirschsprung’s disease may be classified according to the length of the aganglionic
segment. The classic form (short segment 70% to 75% of cases) is limited to the rec-
tum and sigmoid colon; the long segment, or subtotal colonic disease (10% to 15%),
generally involves the bowel up to the splenic flexure. Total colonic aganglionosis
(TCA: 3% to 6%) may extend to involve a variable amount of the short bowel, and total
intestinal aganglionosis sometimes is associated with intestinal malrotation or volvu-
lus.?° Ultrashort-segment aganglionosis is considered a functional alteration, without
any detectable histologic finding. Although longer aganglionic segments tend to
produce more dramatic symptoms, some patients with even short-segment disease
deteriorate rapidly.%’

Pathophysiology

The hallmark of diagnosis is the absence of ganglion cells from the myenteric and
submucosal plexuses, as seen on a suction (mucosal-submucosal) biopsy of the
rectum. Proximal contents fail to enter the unrelaxed, aganglionic segment. The lack
of nonadrenergic—noncholinergic inhibitory innervation is responsible for a tonic con-
traction of the affected segment, with absence of peristalsis and dilatation of the gut
proximally. Morphologically, ganglion cells are absent from the narrowed segment and
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Box 2
Most common organic causes of constipation

Anatomic
Abscess
Anal fissures
Skin tags
Anal stenosis
Imperforate anus
Anteriorly displaced anus
Acquired strictures from inflammatory bowel disease or necrotizing enterocolitis
Metabolic
Hypokalemia
Hypomagnesemia
Hypophosphatemia
Hypercalcemia
Cystic fibrosis

Celiac disease

Endocrine
Diabetes mellitus
Multiple endocrine neoplasia (MEN) 2B
Hypothyroidism
Hyperparathyroidism

Neuropathic
Cerebral palsy
Spina bifida

Myelomeningocele

Colonic neuropathies
Hirschsprung’s disease
Intestinal neuronal dysplasia
Pseudo-obstruction

Others

Drugs
Anticholinergics
Antidepressants
Antihypertensives
Opiates

Iron
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for some distance (1 to 5 cm usually) into the dilated segment. The pattern of nerve
fibers is abnormal also; they are hypertrophic with abundant, thickened bundles. Spe-
cific stains for acetylcholinesterase are used to highlight the abnormal morphology.®?
Furthermore, the lack of nitric oxide (NO)-producing nerve fibers in the aganglionic
intestine probably contributes to the inability of the smooth muscle to relax, thereby
causing lack of peristalsis in Hirschsprung’s disease.®® In addition, in the aganglionic
segments, interstitial cells of Cajal are scarce, and their networks are disrupted.®*

Hirschsprung’s disease occurs as an isolated trait in 70% of cases. Associated con-
genital anomalies that are found in 18% of Hirschsprung’s disease patients include Gl
malformation, cleft palate, polydactyly, cardiac septal defects, and craniofacial anoma-
lies. The higher rate of associated anomalies in familial cases than in isolated cases
(839% versus 21%) strongly suggests syndromic clinical presentations with Mendelian
inheritance.®® Consequently, assessment of all patients who have Hirschsprung’s dis-
ease should include a careful clinical and genetic evaluation. Numerous chromosomal
anomalies have been described in patients who have Hirschsprung’s disease (12% of
Hirschsprung’s disease cases). Free trisomy 21 (Down’s syndrome) is by far the most
frequent, representing more than 90% of chromosomal disorders associated with
Hirschsprung’s disease and 2% to 10% of ascertained Hirschsprung’s disease cases.
Hirschsprung’s disease has been reported associated with several syndromes: pleiotro-
pic neurocristopathies (Waardenburg-Shah, Piebaldism, MEN2A, Riley-Day), syndromes
with Hirschsprung'’s disease as a mandatory feature (Goldberg-Shprintzen, BRESHEK,
Werner mesomelic dysplasia), and occasional association (Bardet-Biedl, Kauffman-
McKusick, cartilage-hair hypoplasia, the Smith-Lemli-Opitz syndrome type 2).5¢

Ten genes are known to be involved in Hirschsprung’s disease in people, namely the
proto-oncogene RET (REarranged during Transfection), glial cell line-derived neuro-
trophic factor (GDNF), neurturin (NTN), endothelin B receptor (EDNRB), endothelin
3 (EDNB), endothelin-converting enzyme 1 (ECE1), SOX10, SIP1, paired-like homeo-
box 2B (PHOX2B), and T-cell factor 4 (TCF4) genes. Mutations of these genes give
dominant, recessive, or polygenic patterns of inheritance. RET mutations account
for 50% of Hirschsprung’s disease cases. RET is a 1114 amino acid transmembrane
receptor. Over 80 mutations have been identified, including large deletions of the RET
gene, microdeletions and insertions, nonsense, missense, and splicing mutations.57:6¢

GDNF was shown to be the RET ligand. To activate RET, GDNF needs the presence
of a novel glycosylphosphatidylinositol (GPI)-linked coreceptor (GFRA1).%® Four
related GPI linked coreceptors, GFRA1-4, and four related soluble growth factors
ligands of RET have been identified, namely GDNF, NTN, persephin (PSPN), and arte-
min.”® GDNF mutations have been identified in six patients with Hirschsprung’s dis-
ease, and it can be regarded as a rare cause of Hirschsprung’s disease (less than
15%). Moreover, GDNF mutations may not be sufficient to lead to Hirschsprung’s dis-
ease, since four out of six patients have additional contributory factors such as RET
mutations or trisomy 21. Similarly, an NTN mutation has been identified in one family,
in conjunction with a RET mutation.”"”2 EDNRB and EDNRA are G protein- coupled
heptahelical proteins that transduce signals through the endothelins (EDN1,2,3).
Although EDN3 mutations seldom were found, EDNRB mutations were identified in
approximately 5% of patients. The penetrance of EDN3 and of EDNRB heterozygous
mutations is incomplete, and S-Hirschsprung’s disease is largely predominant.
Interstitial 13922 deletions encompassing the EDNRB gene in patients who have
Hirschsprung’s disease make haploinsufficency the most likely mechanism for
Hirschsprung’s disease.”> "

The role of polymorphic mutations as genetic risk factors predisposing to
Hirschsprung’s disease is not clear. The PHOX2B A—G (1364) polymorphism is
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associated with Hirschsprung’s disease.”® Whether it directly contributes to disease
susceptibility or represents a marker for a locus in LD with PHOX2B needs further
investigation. The T-allele of the 561C/T polymorphism of EDNRB gene was over- rep-
resented in the Hirschsprung’s disease/Down’s syndrome patient group when
compared with normal controls.”®

CLINICAL SIGNS AND SYMPTOMS

In the newborn, symptoms may appear during the first hours of life with failure to pass
meconium, or in the first week with a picture of functional intestinal obstruction. The
delay in the passage of meconium, however, does not always occur and a percentage
of children still present late or with complications despite a history of complications
since birth. Enterocolitis, the most common complication, is always severe and is
an important cause of mortality in these young patients.

In infants and children, the presentation is often less dramatic and may not mimic
acute intestinal obstruction. Severe constipation and recurrent fecal impaction are
more common. Physical examination reveals a distended abdomen and a contracted
anal sphincter and rectum in most children. The rectum is devoid of stool except in
cases of short-segment aganglionosis. As the finger is withdrawn, there may be an
explosive discharge of foul-smelling liquid stools, with decompression of the proximal
normal bowel. The classic clinical manifestations described for enterocolitis include
abdominal distension, explosive diarrhea, vomiting, fever, lethargy, rectal bleeding,
and shock.

Abdominal radiographs show intestinal cut-off signs in the rectosigmoid region with
absence of air distally. Other common findings are small bowel dilatation in 74% of
patients and multiple air-fluid levels.”” Because of the risk of perforation, contrast
enema should not be performed in the presence of clinical enterocolitis.

Rectal washout should be the initial approach, regardless of age, in patients who
present with enterocolitis. Along with washouts, intravenous antibiotics or oral metro-
nidazole (in mild cases) should be used. Should the disease process fail to improve, or
the infant’s condition deteriorates, the performance of a defunctioning colostomy
should be considered.”®

Diagnosis

The subject’s history is very important in making a diagnosis for Hirschsprung’s
disease, and this includes the age of appearance of symptoms, the passage of meco-
nium, or history of episodes of functional intestinal obstruction. In these children, it is
important to exclude a functional (idiopathic) megacolon. When the history (early onset
of constipation, absence of fecal incontinence) or the physical examination (empty
rectal ampulla) suggest an organic cause, anorectal manometry should be performed.

When the rectal balloon is inflated, normally there is a reflex relaxation of the anal
sphincter.”® This RAIR is absent in patients who have Hirschsprung’s disease; either
there is no relaxation, or there may even be paradoxical contraction of the anal sphinc-
ter (Fig. 1). Anorectal manometry is particularly useful when the aganglionic segment
is short, and results of radiologic or pathologic studies are equivocal.

Barium enema is helpful in assessing a transition zone between the aganglionic and
ganglionic bowel, and in providing an estimate of the length of aganglionic segment.
Demonstration of the transition zone is easier if no effort is made to cleanse the bowel
(Fig. 2). In the newborn, dilatation of the proximal normal bowel may not have devel-
oped, and radiological diagnosis can be difficult. The sensitivity and specificity for
recognition of a transition zone have been reported to be about 80% and 76%,
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ANORECTAL MANOMETRY IN FUNCTIONAL
FECAL RETENTION
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ANORECTAL MANOMETRY IN A PATIENT WITH
HIRSCHSPRUNG’S DISEASE
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Fig. 1. (A) Anorectal manometry in a 2-month-old boy with functional constipation. Note
that the distention of a rectal balloon with air for 1 second produces a decrease of anal
pressure (rectosphincter reflex). (B) Anorectal manometry in a 3-month-old boy with Hirsch-
sprung’s disease. Distention of a rectal balloon with air for 1 second produces no decrease of
anal pressure.

respectively.®® The barium enema may not show a transition zone in cases of total
colonic Hirschsprung’s disease, or may be indistinguishable from cases of functional
constipation when ultrashort-segment Hirschsprung’s disease is present.
Nevertheless, the diagnosis is based on histologic evidence. Since the mid-1970s,
demonstration of acetylcholinesterase activity in mucosal biopsies has allowed the
noninvasive suction rectal biopsy technique to become the most reliable diagnostic
method for aganglionosis.®' The histologic diagnosis is based on the demonstration
of the total absence of ganglion cells in the affected segment of the intestine with
an overgrowth of large nerve trunks in the intermuscular and submucosal zone
(Fig. 3). Two small samples of rectal mucosa and submucosa, taken using suction rec-
tal biopsy technique, are sufficient for diagnosis. Two pieces must be taken not less
then 2 cm above the dentate line, to avoid the physiologic hypoganglionic zone,
and not more than 5 cm above the dentate line to avoid failure to diagnosis of
short-segment disease. Acetylcholinesterase activity in the normal colon shows only
few fibers in the lamina propria and muscularis mucosae. In Hirschsprung’s disease
there is an increase in thick, knotted acetylcholinesterase-positive nerve fibers in
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Fig. 2. Barium enema showing a long narrowed segment in a child with Hirschsprung’s
disease.

the muscularis mucosae and lamina propria, and hypertrophied nerve trunks in the
submucosa.

Other causes of intestinal obstruction should be considered when abdominal dis-
tension and failure to pass meconium are observed in a newborn infant. These include:

Meconium ileus resulting from cystic fibrosis

Intestinal malformations such as lower ileal and colonic atresia which occasionally
is associated with Hirschsprung’s disease, intestinal malrotation, or duplication

Enteric nervous system anomalies grouped as chronic intestinal pseudo-
obstruction syndromes

Functional intestinal obstruction resulting from maternal infection, maternal
intoxication, or congenital hypothyroidism

j : e
Fig. 3. Intense acetylcholinesterase activity in a patient with Hirschsprung’s disease. Note the
absence of neurones and the presence of increase in thick knotted nerve fibers in the
muscularis mucosa and lamina propria. In addition, hypertrophied nerve trunks are visible
in the submucosa (arrow).

Medical portal MedWedi.ru
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Treatment Options

The treatment of Hirschsprung’s disease is surgical. After careful preoperative
management, the underlying principle is to correct the normal bowel to the anus
and to release the tonic contraction of the internal anal sphincter. A one-stage proce-
dure is possible when diagnosis is made early, before colonic dilatation, and in short-
segment disease. For long-segment disease and total colonic aganglionosis,
temporary enterostomy is often the first step in management before definitive surgery.
Laparoscopic and transanal pull-through techniques have been proposed more
recently in Hirschsprung’s disease surgery. These techniques offer surgery without
a scar, but comparative long-term results are pending.8283 Neuronal precursor cells
isolated from the developing human enteric nervous system may open the route to
cell therapy.58

Fistula nd stenosis of the anastomosis and enterocolitis are the main short-term
complications. Long-term complications include chronic constipation (10% to 15%)
and incontinence. Mortality has been below 6% since the 1980s and may be related
to short-term complications or the associated malformations.?4 The treatment of
children with TCA, however, remains hazardous.8®

ANORECTAL MALFORMATIONS

Anorectal malformations (ARM) comprise a wide spectrum of disorders that affect
boys and girls and involve the distal anus and rectum and the urinary and genital
tracts. Defects range from those that are minor, easily treated, and with an excellent
functional prognosis, to those that are complex, difficult to manage, often associated
with other anomalies, and have a poor functional prognosis. Anorectal malformations
are congenital anomalies that occur in approximately 1 in 5000 live births.

The classification presented here attempts to group together defects that have
common diagnostic, therapeutic, and prognostic features:

Males: recto-perineal fistula, rectourethral-bulbar fistula, rectourethral-prostatic
fistula, rectobladderneck fistula, imperforated anus without fistula, and complex
and unusual defects.

Females: recto-perianal fistula, rectovestibular fistula, cloaca with short common
channel (less than 3 cm), cloaca with long common channel (greater than
3 cm), and imperforated anus without fistula.

Complex and unusual defects: cloacal exstrophy, covered cloacal extraposterior
cloaca associated with presacral mass, and rectal atresia.®®

The etiology of ARM remains unclear and likely is multifactorial. There are, however,
reasons to believe there is a genetic component. Mutations in specific genes enco-
ding transcription factors have been described in patients having Townes-Broks
syndrome, Currarino’s syndrome, and Pallister-Hall syndrome, each of which have
autosomal dominant modes of inheritance. In addition, it has been found that there
is not only an increased incidence of ARM in patients who have trisomy 21, but that
95% of patients who have trisomy 21 and ARM have imperforate anus without fistula,
compared with only 5% of all patients who have ARM. Based on this evidence, it is
likely that the mutation of various genes can result in ARM, or that the etiology of
ARM is multigenic.57-88

The radiologic evaluation of a newborn who has imperforate anus includes an
abdominal ultrasound to evaluate for urologic anomalies. In the case of persistent
cloaca, a distended vagina can be identified. Plain radiographs of the spine can
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show anomalies such as spina bifida and spinal hemivertebrae. Plain radiographs of
the sacrum in the anterior-posterior and lateral projections can demonstrate sacral
anomalies such as a hemisacrum and sacral hemivertebrae.

A spinal ultrasound and an MRI from the newborn period up to 3 months of age can
be used to look for evidence of a tethered spinal cord and other spinal anomalies.
A cross-table lateral radiograph can help show the air column in the distal rectum in
the small percentage of patients for whom clinical evidence does not delineate in
16 to 24 hours the likely anorectal anomaly.®”

The surgical approach to repairing these defects changed dramatically in 1980 with
the introduction of the posterior sagittal approach, which allowed surgeons to view the
anatomy of these defects clearly, to repair them under direct vision, and to learn about
the complex anatomic arrangement of the junction of rectum and genitourinary tract.
Fecal and urinary incontinence can occur even with an excellent anatomic repair,
mainly because of associated problems such as a poorly developed sacrum, deficient
nerve supply, and spinal cord anomalies. For these patients, an effective bowel
management program, including enema and dietary restrictions, has been devised
to improve their quality of life.87-8°

CONSTIPATION IN NEUROLOGICALLY IMPAIRED CHILDREN

Chronic constipation is a frequent and distressing complaint in children who have neu-
rologic diseases. Several mechanisms may be involved in the pathogenesis of chronic
constipation in these patients, including a lack of conscious urge to defecate, immo-
bilization, motor paralysis of the abdominal and perineal muscles, and disruption of
the neural modulation of colonic motility. More than 90% of children with cerebral
palsy have oral motor dysfunctions, which contribute to a reduced oral fiber intake.
Chronic constipation in children who have severe brain damage primarily results
from prolonged transit at the level of the colon and rectum. It is likely that these
children have a predisposition to colonic motor dysfunction secondary to the brain
damage and not necessarily to the low intake of dietary fiber.%°

Spinabifida or myelomeningocele is a neural tube defect that occurs within the first 28
days of gestation and occurs in about 1 in 1000 live births. The child will have motor and
sensory deficits to the lower extremities ranging from mild to complete neurologic dys-
function. Because the nerves that control the bladder and bowel are located in the sacral
spinal cord, the child most likely will have deficits in these areas also. Bowel dysfunction
occurs in children who have spina bifida, because the RAIR is maintained, but the def-
ecation urge is not present.®! When the internal sphincter relaxes, bowel accidents or
fecal incontinence can occur. Constipation results from an increased CTT and a lack
of sphincteric contraction with rectal distention. Colonic transit studies show that the
CTT is prolonged, and the transit index is higher in children who have functional consti-
pation and spina bifida occulta. This is suggestive of outlet obstruction. The total CTT in
nonretentive fecal incontinence children who had spina bifida occulta was significantly
more prolonged compared with those without spina bifida occulta. Children who have
spina bifida may benefit from behavior modification techniques. The goal of the behavior
modification program is to teach the child to self-initiate a bowel movement.®?
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Incontinence
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The ability to maintain normal continence for urine and stools is not achievable in all
children by a certain age. Most children will be continent by the time they go to
school, but in approximately 6% to 9% of children the ability to gain control of con-
tinence will be insufficient. Gaining control of urinary and fecal continence is a com-
plex process, and not all steps and factors involved are fully understood. Normal
development of anatomy and physiology are prerequisites to becoming fully conti-
nent. In contrast, anatomic abnormalities, such as bladder exstrophy, epispadias,
ectopic ureters, and neurogenic disturbances that can usually be recognized at birth
and cause incontinence will require specialist treatment, not only to restore conti-
nence but also to preserve renal function. Most forms of urinary incontinence are
not caused by an anatomic or physiologic abnormality and, hence, are more difficult
to diagnose and their management requires a sound knowledge of bladder and bowel
function.

Most children become dry between the ages of 2 to 3 years: night-time continence
will follow within a couple of weeks to months. The problem of nocturnal incontinence
or enuresis is usually not associated with other symptoms, such as urinary tract infec-
tions, vesicoureteric reflux, or bladder dysfunction and will not be discussed in this
article. Terminology and definitions used in this article are in accordance with the rec-
ommendations of the International Children’s Continence Society."
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NORMAL DEVELOPMENT OF BLADDER AND SPHINCTER CONTROL

Normal bladder storage and voiding involve low-pressure and adequate bladder
volume filling followed by a continuous detrusor contraction that results in bladder
emptying, associated with adequate relaxation of the sphincter complex. This process
requires normal sensation and normal bladder outlet resistance. The neurophysiologic
mechanisms involved in normal bladder storage and evacuation include a complex
integration of sympathetic, parasympathetic, and somatic innervation, which is ulti-
mately controlled by a complex interaction between spinal cord, brain stem, midbrain,
and higher cortical structures.?

Immediately after birth, voiding is very infrequent during the first few days of life.
After the first week, frequency increases rapidly and peaks at the age of 2 to 4 weeks,
to an average of once per hour. It then decreases and remains stable after 6 months to
about 10 to 15 times per day. After the first year it decreases to 8 to 10 times per day,
while voided volumes increase by three- to fourfold. Even in small infants micturition
does not occur during sleep.®

In response to bladder distension during sleep, an infant nearly always exhibits clear
electro-encephalographic evidence of cortical arousal, facial grimaces or limb move-
ments, or actual awakening. Sleeping infants are always seen to wake up before the
bladder contracts and voiding occurs. This arousal period may be transient and the
infant may cry and move for a brief period before micturition, and then shortly after-
ward go back to sleep. The control of micturition involves complicated neural path-
ways and higher centers. A pronounced reorganization of pre-existing synaptic
connections and neural pathways involved in bladder and bowel control occurs during
the early postnatal period.

In newborns micturition occurs at frequent intervals and may have an intermittent
pattern that will disappear with increasing age. They are thought to represent varia-
tions between individual infants in the maturation of detrusor and sphincteric coordi-
nation during the first 1 to 2 years of life. Voiding pressures are much higher than in
adults, especially in boys.*®

Between the age of 1 and 2, conscious sensation of bladder filling develops. The
ability to void or inhibit voiding voluntarily at any degree of bladder filling commonly
develops in the second and third years of life. Central inhibition is crucial to obtain
continence.

During the second and third year of life, there is progressive development toward a so-
cially conscious continence and a more voluntary type of micturition control develops.
Through an active learning process, the child acquires the ability to voluntarily inhibit
and delay voiding until a socially convenient time, then actively initiate urination, even
when the bladder is not completely full, and allow urination to proceed to completion.

The final steps are usually achieved at the age of 3 to 4 years, when most children
have developed the adult pattern of urinary control and are dry both day and night. The
child has learned to inhibit a micturition reflex and postpone voiding and voluntarily
initiate micturition at socially acceptable and convenient times and places. This devel-
opment is also dependent on behavioral learning and can be influenced by toilet train-
ing, which in turn depends on cognitive perception of the maturing urinary tract.

It is understandable that this series of complex events is highly susceptible to the
development of various types of dysfunction. Various functional derangements of
the bladder-sphincter-perineal complex may occur during this sophisticated course
of early development of normal micturition control mechanisms.

Fecal incontinence during childhood may be a symptom of delayed acquisition of
toileting skills or may reflect serious underlying organic or functional pathology. There
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are considerable cultural differences in toilet training, and across the world children
acquire bowel control at anytime between 1 year and 4 years of age.®™®

The pattern of bowel actions changes during early life from an average of three
stools per day in the neonate to 1.7 stools per day at 1 year of age. Among preschool
children in the United Kingdom, 97% will pass stool within the range three times per
day to alternate days.®

PATHOPHYSIOLOGY AND CLASSIFICATION OF URINARY INCONTINENCE

Urinary incontinence in children may be caused by a congenital anatomic or neuro-
logic abnormality, such as ectopic ureter, bladder exstrophy, or myelomeningocele.
In many children, however, there is no obvious cause for the incontinence and they
are referred to as having “functional incontinence.”

On the basis of urodynamic studies, the functional dysfunctions can be termed
“urge syndrome” (detrusor overactivity), “dysfunctional voiding” (detrusor-sphincter
dyscoordination), “underactive bladder” and “non-neurogenic neurogenic bladder”
(occult neurogenic bladder).'® Functional urinary incontinence in children may be
because of disturbances of the filling phase, the voiding phase, or a combination of
both (Table 1).

Overactivity of the detrusor muscle may lead to disturbances in the filling phase,
characterized by urgency, frequency, and at times urge incontinence, often associ-
ated with nocturia that is present in the absence of pathologic or metabolic factors
that may cause or mimic these symptoms. Urge syndrome is best characterized by
frequent episodes of an urgent need to void, countered by contraction of the pelvic
floor muscles (guarding reflex) and hold maneuvers, such as squatting and the Vincent
curtsey sign. The voiding phase is essentially normal, but detrusor contraction during
voiding may be extremely powerful.

The etiology of the overactive bladder in children is unclear, but it appears to be
related to a lack of ability to voluntarily inhibit the infant voiding reflex, a delay in central
nervous system maturation. Girls present with symptoms of detrusor overactivity more
often than boys. In addition to the urinary symptoms, children with functional urinary
incontinence may also have recurrent urinary tract infections and constipation.
Depending on fluid intake and urine production, the complaints of incontinence

Table 1
Symptoms in overactive bladder, dysfunctional voiding, and voiding postponement

with age

Overactive Bladder/ Dysfunctional Voiding
Symptoms Urge Syndrome Voiding Postponement
Frequency >7/day Varying <5/day
Urgency Yes Varying, decreases Yes

Incontinence

+ Urge incontinence

Varying, decreases
with age

Urge incontinence

maneuvers

Uroflow May be tower-shaped Staccato/interrupted Normal or staccato

PVR Usually <20 mL Increased (>20 mL) Varying

Presenting Frequency/urgency/ Recurrent UTI/ Incontinence, holding
symptoms incontinence/holding incontinence maneuvers

Abbreviations: PVR, Post-void residual; UTI, Urinary tract infection.
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become worse toward the end of the day because of loss of concentration and fatigue
and may also occur during the night. Children usually diminish their fluid intake to
minimize wetting, and therefore incontinence may not be the main complaint or symp-
tom. A careful history and a bladder diary will demonstrate that they often suffer from
urinary frequency and urgency, their fluid intake is small, and their voided volumes are
less than expected.'’

Frequent voluntary contractions of the pelvic floor muscles may also lead to post-
ponement of defecation. Constipation and fecal soiling are often found in children
with overactive bladder.’® The constipation is aggravated by the decreased fluid
intake. Constipation contributes to an increased risk of UTls and may exacerbate
the detrusor overactivity.

Incomplete relaxation or tightening of the sphincteric mechanism and pelvic floor
muscles during voiding results in an intermittent voiding pattern that may be associ-
ated with elevated post-void residuals. These children with dysfunctional voiding
are also prone to constipation and recurrent UTls.'®

Bladder function during the filling phase in these children may be essentially normal,
but detrusor overactivity may be present. The cause of dysfunctional voiding is
unclear. It may be that an overactive bladder eventually leads to overactivity of the
pelvic floor muscles, with subsequent insufficient relaxation during voiding.'* Alterna-
tively, poor relaxation of the pelvic floor muscles during voiding may be a learned
condition during the toilet training years, adopted following episodes of dysuria
or constipation, or occur secondary to sexual abuse.’® Because no true structural
obstruction can be identified, the intermittent incomplete pelvic floor relaxation that
occurs during abnormal voiding is termed a functional disorder.

Urgency and incontinence of urine may result from detrusor overactivity and thus be
seen in conjunction with increased urinary frequency. Alternatively, infrequent or poor
bladder emptying may precipitate symptoms. Micturition is often achieved with signif-
icant abdominal activity and urodynamic investigations may show an interrupted or
staccato flow pattern. Children with dysfunctional voiding have a higher rate of recur-
rent UTls than children with no voiding abnormality and also demonstrate increased
incidence of higher grades of vesicoureteral reflux (VUR). 1617

The child’s environment, in particular toilet conditions and privacy issues, can trig-
ger or exacerbate voiding anomalies.'® Signs of dysfunctional voiding reflect initial
compensatory overactivity of the detrusor along with poor emptying ability. They
may include small bladder capacity, increased detrusor thickness, decreased detru-
sor contractility, impaired relaxation of the external urinary sphincter during voiding,
weak or interrupted urinary stream, and large PVR volumes of urine. There may also
be ultrasound abnormalities, secondary VUR, fecal soiling, or constipation.'®1°

In children with an underactive detrusor, voiding occurs without detrusor contrac-
tions, and PVRs and incontinence are the main characteristics. Children with this con-
dition void infrequently and usually present with UTIs and incontinence. A correct
diagnosis can only be made by urodynamic evaluation. Long-standing overactivity
of the pelvic floor may in some children be responsible for “decompensation” of the
detrusor, leading to a noncontractile detrusor. However, no data are available to sup-
port this theory.

A non-neurogenic neurogenic bladder has been postulated to be the end-stage of
dysfunctional voiding. It has been referred to as “occult neuropathic bladder.” A neu-
rologic etiology must be ruled out before determining that the child’s voiding problems
are consistent with the non-neurogenic neurogenic bladder. Urodynamically, non-
neurogenic neurogenic bladder is characterized by diminished bladder volume and
compliance. Detrusor overactivity is often present and there is contraction of the
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pelvic floor muscles during voiding. Videourodynamic studies or a voiding cystoureth-
rogram (VCUG) usually show all the features of a true neurogenic bladder. These chil-
dren are at risk for upper tract damage and must be fully evaluated and seen regularly.

Lettgen and colleagues.?® introduced the term “voiding postponement.” In this con-
dition, children will postpone imminent micturition until overwhelmed by urgency,
which makes them rush to the toilet; but often they are too late and incontinence
occurs. Traditionally, this syndrome was thought to be an acquired disorder caused
by detrusor overactivity and voluntary overactivity of the urethral sphincter until the
bladder becomes filled.?’

A recent study that compared children with typical urge syndrome to those with
voiding postponement revealed a significantly higher frequency of clinically relevant
behavioral symptoms in postponers than in children with urge syndrome, suggest-
ing that voiding postponement is an acquired or behavioral disorder.?° It remains
to be determined whether or not voiding postponement can develop in the setting
of a perfectly normal urinary tract or whether urge syndrome is a necessary
precursor.

In some children giggling can trigger partial to complete bladder emptying well into
their teenage years, and intermittently into adulthood.?? This condition occurs in both
boys and girls and is generally self-limiting. The etiology of “giggle incontinence” is not
defined. Urodynamic studies fail to demonstrate any abnormalities, there is no ana-
tomic dysfunction, the upper tracts appear normal on ultrasound, the urinalysis is
normal, and there are no neurologic abnormalities.?®

Urinary leakage that occurs in girls a short time after voiding to completion that is not
associated with any strong desire to void may be the result of vesicovaginal entrap-
ment.2* Vesicovaginal reflux may occur because of labial adhesions, a funnel shaped
hymen, or an inappropriate position on the toilet. Obesity may be an associated risk
factor. Changes in voiding position and treatment of labial adhesions will lead to res-
olution of the urine leakage.

The genitourinary tract and the gastrointestinal system are interdependent, sharing
the same embryologic origin, pelvic region, and sacral innervation. Although children
with voiding disturbances often present with bowel dysfunction, until recently this
coexistence was considered coincidental. However, it is now accepted that dysfunc-
tion of emptying of both systems, in the absence of anatomic abnormality or neuro-
logic disease, is inter-related.

The common neural pathways or the mutual passage through the pelvic floor mus-
culature may provide a theoretical basis for this relationship, as may the acquisition of
environmental and developmental learning. The latter can be influenced by episodes
of UTI, constipation, anal pain or trauma, childhood stressors, reluctance to toilet, and
poor toilet facilities. 2182

The elimination syndrome is seen more frequently in girls than boys and is associ-
ated with the presence of both VUR and UTI.?® Children with elimination syndrome
commonly complain of urinary incontinence, nocturnal enuresis, recurrent UTls,
urgency to void, or exceptional urinary frequency, and on investigation are often noted
to have poor voiding efficiency, VUR, constipation, soiling, no regular bowel routine,
and infrequent toileting.?”

EPIDEMIOLOGY OF URINARY INCONTINENCE

Several studies have reported the prevalence of daytime incontinence. Outcomes dif-
fer as the study designs were different and definitions varied. A Swedish study showed
urinary incontinence during the day in 6% of the 7-year old girls and in 3.8% of the
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boys.28 In Australia, urinary incontinence in 5- to 12-year-old children was reported in
5%.2° In Belgium, the reported prevalence in children between 10 to 14 years old was
8%.30 These studies included all forms of loss of urine during the day, from once
a month to several times a day.

Urinary Incontinence and UTI

Recurrent UTls occur in 11% of all children.3! Of the children with daytime urinary in-
continence, up to 50% have recurrent UTls,3? while in children with dysfunctional void-
ing or underactive detrusor, up to 89% have recurrent UTIs.33%* |In a British cohort
study, children with urinary incontinence suffered a UTI during the last year in 9.9%
(girls) and 2.1% (boys) of children studied.

Urinary Incontinence and Constipation

Epidemiologic data on fecal incontinence in the normal childhood population is vari-
able. Bellman observed a prevalence of 1.5% among 7-year-old Swedish children,
and Rutter in the UK reported a similar prevalence in 10-11 year olds.®%3¢ It accounts
for 3% of referrals to a medical clinic in Boston and 25% of referrals to specialist
gastroenterology clinics.3”-*8 Constipation in childhood occurs in 0.3% to 8% of chil-
dren, depending on age, excluding children with spina bifida, Hirschsprung, and other
such diseases.®®*! In a systematic review of 18 studies, prevalence varied between
0.7% and 29.6%, with a median of 8.9%.*? Good and reliable prevalence studies in
children are sparse and the different definitions of constipation make them difficult
to compare.

According to the Rome Ill criteria, functional constipation is present if during an
8-week period at least two of the following symptoms are present:

Two stools or less per week

Fecal incontinence at least once a week
Prolonged postponement

Painful or firm stools

Presence of large mass of fecal impaction

Giant stools obstructing the toilet (elephant stool)

In studies on constipation, UTI are reported in 10% and urinary incontinence during
the day in 30% of children. Thus, there seems to be a clear correlation between urinary
incontinence and constipation. The underlying pathophysiology has not been investi-
gated. It might be that overactivity of the urinary sphincter to prevent urine leakage
may cause a high activity of the pelvic floor muscles, with subsequent abnormal void-
ing and defecation patterns.*® However, urinary incontinence may also be the result of
continuous pressure on the bladder of impacted fecal mass.** It is now generally
accepted that by far the most common cause for fecal incontinence in childhood is
secondary to functional fecal retention or constipation. Several studies indicate that
treatment of constipation also improves the urinary symptoms.

Urinary Incontinence and Behavioral Problems

Several studies have indicated that children with urinary incontinence often have psy-
chologic problems; more complex forms of incontinence are associated with a higher
prevalence of attention deficit hyperactivity disorder (ADHD) as well as externalizing
problems.*® In children who postpone voiding, more often externalizing problems
are found (31% versus 8%).6 Children diagnosed with ADHD had a higher incidence
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of incontinence, constipation, urge, irregular voiding, night-time incontinence, and
dysuria, compared with children without ADHD.*”

EVALUATION OF CHILDREN WITH DAYTIME INCONTINENCE AND CONSTIPATION

Even with clear definitions, the approach to history-taking and physical examination
has to be structured. The child’s complaints at presentation are not synonymous
with the signs and symptoms that have to be checked to arrive at a diagnosis. In ad-
dition, sociocultural aspects and psychomotor development will distort the presenta-
tion. Validated questionnaires are very helpful in structuring the history-taking as they
provide checklists.*®*® The general history-taking should include questions relevant
to familial disorders, neurologic and congenital abnormalities, and information on
previous urinary infections, relevant surgery, and menstrual and sexual functions (in
pubertal and older children). Information should be obtained on medication with
known or possible effects on the lower urinary tract. History-taking should also include
assessment of bowel function; a similar proactive process using a questionnaire
should be followed for defecation and fecal soiling (Fig. 1).

At times it is helpful to more formally evaluate the child’s psychosocial status and
the family situation, for example by using validated question forms such as the Child
Behavior Checklist or the Butler forms.5%%" A suspicion of child abuse is often signaled
by symptoms of vesico-urethral dysfunction.5? A voiding diary is mandatory to deter-
mine the child’s voiding frequency and volumes, as well as fluid intake and urine out-
put over 24-hour periods. It gives objective information on the number of voidings, the
distribution of day time and night time voids, the voided volumes and episodes of ur-
gency and leakage or dribbling, and functional bladder capacity. In order to obtain
a complete picture, defecation frequency or soiling is also recorded. Ideally the diary
should cover 3 complete days.>®

Detailed questioning of the parent’s observation of the child’s voiding habits is essen-
tial, as is direct observation of the voiding, if possible. Children may have their voiding
dysfunction ameliorated or even eliminated by correcting anomalies of body position
detected when observing the child’s micturition. Children may void in awkward posi-
tions, such as with their legs crossed or balancing on the toilet without proper support
of the legs, thereby activating the pelvic floor and obstructing the free flow of urine.5*

Physical Examination

Apart from a general pediatric examination, the physical examination should include
an assessment of perineal sensation, perineal reflexes supplied by the sacral seg-
ments S1 to S4 (standing on toes, bulbocavernosus), and anal sphincter tone and con-
trol. Special attention should be paid to inspect of the male or female genital region
and the urethral meatus. Asymmetry of buttocks, legs or feet, as well as other signs
of occult neurospinal dysraphism in the lumbosacral area (subcutaneous lipoma,
skin discoloration, hair growth and abnormal gait) should be looked for specifically.

In examining the abdomen, the presence of a full bladder or full sigmoid or descend-
ing colon is a significant finding with a history of constipation. Many pediatricians
advocate a rectal examination when there is a history of constipation.®® In order to
be comprehensive, physical examination should include urinalysis to identify any in-
fection, hypercalciuria, and glycosuria.

Uroflowmetry

Approximately 1% of school children have a voiding that can be labeled “abnormal”
with flattened or intermittent flow curves. The remaining 99% have a bell-shaped flow
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curve.®® Flow recordings with a voided volume of less than 50% of the functional
capacity are not consistent: they represent voiding on command, and many children
will try to comply by using abdominal pressure. A helpful tool in this respect is the blad-
der scan: before micturition the bladder volume can be assessed.®’

Urinary flow may be described in terms of rate and pattern and may be continuous,
intermittent (in fractions), or staccato. An intermittent flow pattern shows an interrup-
ted flow, whereas in staccato voiding the flow does not stop completely, but fluctuates
because of incomplete relaxation of the sphincter. Patterns and rates should be
consistent to allow for evaluation, and several recordings are needed for definitive
diagnosis.®®

With ultrasound, bladder filling is assessed and when the bladder capacity is equal
to the functional or expected bladder capacity for age, the child is asked to void into
the flowmeter. After recording the flow, PVR is assessed again. Alternatively, children
can be asked to use a flowmeter at home with a special flowmeter has been designed
for that purpose.>® Because some children have difficulty voiding in a strange environ-
ment, this option can overcome this insecurity.

Assessment of Fecal Retention

For grading constipation, scoring a plain X-ray of the abdomen (Barr score) yields in-
consistent results.®® A better way to match clues from the medical history with signs
and symptoms is the measurement of colonic transit time. As many children with non-
neurogenic detrusor-sphincter dysfunction habitually use their pelvic floor as an
“emergency brake,” there is a high prevalence of abnormal defecation frequency
and constipation in this group. Overt constipation should be dealt with before embark-
ing on treatment of incontinence or detrusor-sphincter dysfunction.

Another way of determining fecal retention is a transabdominal ultrasound study of
the rectum. In children with constipation the rectal diameter was greater than 3.5 cm,
whereas in children without constipation the diameter ranged from 2.1 cmto 2.4 cm.61:62

history

confirm  daytime (and night time) symptoms Questionnaires for voiding,
(urgency, frequency, with or without wetting, defecation
incontinence), infections, soiling and soiling should be used

exclude other pathology, previous surgery

bladder dlar_y . A bladder diary should be kept for at
confirm  daytime frequency and wetting | ||east 3 complete days, including the
fluid intake, voided volumes night.
soiling, defecation
physical examination additional studies
confirm  normal anatomy, urinalysis
psychomotor development uroflowmetry + residual urine
exclude anatomical abnormalities Xray Lumbar + sacral vertebrae
neurological abnormalities Ultrasound of kidneys + bladder
VCUG (if UTI positive)

Urodynamic studies only with abnormal flow, residual urine, initial
treatment failures and suspicion of other pathology.
Cystoscopy is rarely indicated

Fig. 1. Diagnostic work-up for functional incontinence.
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Ultrasound

Upper tract abnormalities, such as duplex kidney, dilatation of the collecting system,
and gross reflux nephropathy can be readily detected, but detection of the more sub-
tle expressions of these abnormalities requires urologic expertise on the part of the
ultrasound operator.53 Lower urinary tract abnormalities are even more difficult to as-
sess for the inexperienced, aside from bladder wall thickness: a bladder wall cross
section of more than 3 mm to 4 mm, measured at 50% of expected bladder capacity,
is suspicious of detrusor overactivity.5465

URODYNAMIC STUDIES

In general urodynamic studies will only be done if the outcome will alter the manage-
ment, or if there are possible treatments.®® Indicators include voiding frequency of
three or less per day, straining or manual expression during voiding, a weak urinary
stream, previous febrile UTI, continuous dribbling incontinence or pronounced appar-
ent stress incontinence, or previously identified dilating VUR. The finding of genitouri-
nary abnormalities or signs of occult spinal dysraphism at physical examination also
indicate the need for further tests.®”

A clinically significant PVR on repeated occasions clearly points to incomplete blad-
der emptying. Invasive tests are indicated when the noninvasive program raises sus-
picion of neurogenic detrusor-sphincter dysfunction (occult spinal dysraphism),
obstruction (especially posterior urethral valves), genitourinary abnormalities (eg, epis-
padias), advanced non-neurogenic detrusor-sphincter dysfunction (as in children with
dilating VUR or febrile UTls), or significant PVRs.8

A VCUG is an invasive procedure and should only be done if the outcome will influ-
ence the management. It is indicated in children with recurrent UTls to detect reflux
and in children with an abnormal flow pattern to detect bladder outlet abnormalities
(such as valves, strictures or a syringocele). Women often recall their experience
with VCUG during childhood as bordering on abuse. The use of VCUG in children
should be limited to those situations when it is absolutely necessary.

When ultrasound imaging of kidneys and bladder, are performed together with the
recording of urinary flow, and measurement of PVR and history and physical examina-
tion, the clinical entities caused by non-neurogenic detrusor-sphincter dysfunction
can be diagnosed accurately in the majority of cases. A high level of suspicion can
be maintained towards incomplete bladder emptying in both neurogenic detrusor-
sphincter dysfunction and structural causes of incontinence. In a minority of
incontinent children, this noninvasive assessment yields equivocal results, or results
suggesting gross deviations from normal function. Only in these situations is there
an indication for invasive investigations, such as VCUG, invasive urodynamic studies,
and cystourethroscopy.

The upper urinary tract should be evaluated in children with recurrent infections and
dysfunctional voiding. Uroflowmetry can be combined with pelvic floor electromyography
to demonstrate overactivity of the pelvic floor muscles.®® Urodynamic studies are usually
reserved for patients with dysfunctional voiding and those not responding to treatment.”®

NONPHARMACOLOGICALTREATMENTS OF URINARY INCONTINENCE

The main objectives of treatment are to normalize the micturition pattern, normalize blad-
der and pelvic floor overactivity and cure the incontinence, infections, and constipation.

Many of the signs and symptoms of urge syndrome and other forms of functional
urinary incontinence are the result of faulty perception of signals from the bladder
and habitual nonphysiologic responses to the signals.”’ Children with urge syndrome
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need to learn to recognize the first sensation of bladder filling and learn how to sup-
press this by normal central inhibition instead of resorting to emergency procedures
like urethral compression. Children with dysfunctional voiding need to learn how to
void with a completely relaxed pelvic floor and to void with a detrusor contraction
rather than the use of abdominal pressure.

There are several key components to the nonpharmacologic approach to the man-
agement of urge syndrome and dysfunctional voiding. The main points include:

Education regarding the function of the bladder and sphincter mechanism

Instructions on a voiding regimen, promoting regular voiding habits and proper
positioning; those children with elevated PVRs are placed on double voiding
regimens in addition to timed voiding regimens

Bladder diaries

Treatment of underlying constipation

Treatment of concomitant urinary tract infections and antibiotic prophylaxis in
those with recurrent UTls

The initial treatment of daytime urinary incontinence involves a behavioral and
cognitive approach. The child and parents or caregivers are educated about normal
bladder function and responses to urgency, learning to recognize the desire to void
and eradication of holding maneuvers (ie, immediate voiding without postponement).
Micturition charts and diaries and voiding regimens are helpful in ensuring regular
voiding. Voiding regimens and dietary changes may be instituted as needed. Treat-
ment of UTls and constipation are also essential. More active treatment involves
pharmacotherapy, pelvic floor muscle relaxation techniques, and biofeedback, either
alone or in combination.

The treatment of urge syndrome involves a multimodal approach. Behavioral mod-
ification is important and in some children may be all that is necessary. Others will
require the addition of antimuscarinic medication. In some children, the addition of
biofeedback is useful.

Treatment of dysfunction voiding is aimed at optimizing bladder emptying and in-
ducing full relaxation of the urinary sphincter or pelvic floor before and during voiding.
Specific goals are: consistent relaxation of the pelvic floor throughout voiding, a normal
flow pattern, no residual urine, and resolution of voiding symptoms.

Strategies to achieve these goals include pelvic floor muscle awareness and timing
training, repeated sessions of biofeedback visualization of pelvic floor activity and
relaxation, clean intermittent self-catheterization for large PVR volumes of urine, and
antimuscarinic drug therapy if detrusor overactivity is present. If the bladder neck is
implicated in increased resistance to voiding, alpha-blocker drugs may be introduced.
Recurrent urinary infections and constipation should be treated and prevented during
the treatment period.

More active conventional management involves a combination of cognitive, behav-
ioral, physical, and pharmacologic therapy methods. Common modes of treatment
include parent and child reassurance, bladder retraining (including timed toileting),
pharmacotherapy, pelvic floor muscle relaxation (physiotherapy), and the use of
biofeedback to inhibit rises in detrusor pressure associated with urinary inconti-
nence.”>"3 Rehabilitation of bladder and pelvic floor muscles using different modali-
ties, such as explanation and instructions in combination with medical treatment of
constipation and infections, physiotherapy, and biofeedback, plays a major role in
the treatment of children with bladder and sphincter dysfunctions.”* A combination
of bladder training programs and pharmacologic treatment aimed specifically at
reducing detrusor contractions is often useful and sometimes necessary.
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In children with an underactive detrusor, bladder emptying can be achieved with
timed and double voiding. If this does not provide adequate results, clean intermittent
self-catheterization may be tried in combination with treatment of infections and con-
stipation (which may be extreme in these patients).”

Neuromodulation has been used in adults for a variety of lower urinary tract symp-
toms. However, the invasive nature of the procedure makes it less attractive, particu-
larly for children.

The use of transcutaneous stimulation of the sacral root (S3) using surface elec-
trodes has shown promising results, but further studies are needed.”® Several fre-
quencies have been tried but stimulation at 2 Hz seems to be optimal.

Alarm therapy has traditionally been used for the treatment of nocturnal enuresis
and has rarely been used for daytime wetting. In a randomized clinical trial, Halliday
and colleagues’” compared a contingent alarm (which sounded when the child
wets) with a noncontingent alarm system (which sounded at intermittent intervals to
remind the child to void). Although the risk of persistent wetting with the contingent
alarm was 67% of the risk of persistent wetting with the noncontingent alarm, the dif-
ference in the reduction in wetting between the groups was not significant (risk ratio
0.67, 95% confidence interval 0.29-1.56).

Physiotherapy and biofeedback both focus on the pelvic floor. Relaxation of the
pelvic floor during voiding is essential for normal voiding and most of these patients
are unable to relax their pelvic floor muscles. Biofeedback is important for showing
the children the effect of their efforts.

In children with a suspected bladder outlet obstruction, endoscopic investigations
should be performed. Most often the abnormality can be treated at the same time.
In girls, a meatal web may cause a deflection of the stream upwards (causing stimu-
lation of the clitoris and bulbocavernosus reflex). A meatotomy may cure this problem,
though no information on the long-term effects is available.”®

PHARMACOLOGIC THERAPY OF URINARY INCONTINENCE

Antimuscarinic therapy remains one of the common forms of therapy for the overac-
tive bladder. Its use is predicated on the concept that parasympathetic mediated stim-
ulation of muscarinic receptors in the bladder causes detrusor overactivity, which is
responsible for the symptoms of overactive bladder. Antimuscarinic agents have
been demonstrated to increase bladder capacity, increase bladder compliance, and
decrease detrusor contractions in neurogenic detrusor overactivity. More commonly,
pharmacotherapy is instituted when behavioral therapy has failed to achieve a satis-
factory outcome. The outcome of pharmacologic therapy for daytime urinary inconti-
nence is unpredictable and inconsistent and there are few randomized studies
available to assess drug safety and efficacy.

Currently the pharmacologic therapy most widely used in children with detrusor
overactivity is oxybutynin.”® Oxbutynin-XL, has been approved by the Food and
Drug Administration for use in children.®° Oxybutynin use has been limited by its ad-
verse effect profile, with such side effects as dry mouth, constipation, facial flushing,
and central nervous system effects. The incidence of side effects seems to be dose-
related, both for oral and intravesical administration.®' The central nervous system
effects are related to the ability for oxybutynin to cross the blood brain barrier. Oxybu-
tynin-XL uses a novel delivery system, bypassing the first pass metabolism in the liver,
resulting in a more favorable tolerability profile. The delivery system requires an intact
tablet and thus it cannot be cut or crushed to facilitate swallowing.
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Other drugs are tolterodine, trospium, propiverine, and solifenacine.82:#3 None of
these drugs have a pediatric indication and can only be prescribed off-label. The first
three have all been studied prospectively in children, but only tolterodine was sub-
jected to a placebo controlled, randomized trial and did not show a significant differ-
ence between placebo and study medication. Tolterodine was shown to have good
safety profile. The chemical nature of tolterodine makes it less likely to penetrate
the blood brain barrier, which is supported by EEG studies.®? Efficacy seems to be
comparable for oxybutynin and tolterodine.4-%¢

Botulinum toxin A is currently being used in children, mainly with neurogenic detrusor
overactivity. Initial results seem promising, but more studies need to be done. In chil-
dren 100 to 200 Units are injected in 20 to 30 spots.®” Injection is also possible into the
external sphincter, but the results are more variable and last only 3 to 4 months.88

Treatment of the overactive pelvic floor and sphincter is much more difficult. Treat-
ment with a-adrenergic blockade produces variable results.8%°

FUNCTIONAL FECAL RETENTION AND FUNCTIONAL RETENTIVE SOILING

Of the children who soil, 95% have no inherent bowel or neurologic abnormality but
are incontinent as a result of functional constipation. There has been considerable de-
bate as to the relative influences of psychologic, behavioral, and physical factors in the
development of constipation, but the cause of severe constipation is probably
multifactorial.

Parents may describe maneuvers and postures adopted by the child that almost
certainly represent avoidance of defecation. Such behavior is reinforced by episodes
of painful defecation, as with anal fissure. In older children, reluctance to use toilet
facilities at nursery and school may also precipitate stool holding and subsequent
constipation.

Assessment of these children requires a detailed history and examination to exclude
any organic cause. Few, if any, initial investigations are necessary, provided no other
potential condition is discovered on assessment. The key to management following
initial clear out remains a combination of a toilet training behavioral program with lax-
atives to keep the bowel clear. Increasing clear fluids and attention to diet to increase
fiber content and reduce milk intake if necessary is also important. Over the last few
years osmotic laxative treatment with macrogols (polyethylene glycol variations,
with and without electrolytes) have been shown to be effective and safe both in large
doses for initial clear out (this may take up to 5 days) and smaller doses for
maintenance.®!-%2

If hospital admission for clearout is necessary, oral treatment for disimpaction using
Kleen Prep by nasogastric tube is usually effective and avoids the use of rectal en-
emas or suppositories that can upset younger children. Although macrogols are effec-
tive for maintenance, some children will not be completely controlled and require
additional stimulant laxatives, such as Senna or Sodium Picosulfate, the latter being
more effective and better tolerated than the former.

FUNCTIONAL NONRETENTIVE SOILING

Children over 4 years who do not have underlying constipation and have no organic or
anatomic abnormality but present with stool leakage are defined as having “nonreten-
tive soiling.” They often pass normal stools and at normal stool frequency but into their
clothing. Day and night-time urinary incontinence is commonly associated. Attention
to signs of toilet training readiness is important, with specialist help in devising
tailor-made programs to encourage continence for both urine and stools.
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Soiling may result from loose stools in some children. Care needs to be taken to en-
sure that this is not overflow soiling, and to identify any underlying inflammatory bowel
disease. Antidiarrheals may help to achieve continence.

Primary and involuntary soiling may be because of delayed toilet training. Children
with neuro-developmental disorders, such as autism, ADHD, and developmental
coordination disorder are more likely to have problems with constipation. They are
more likely to have difficulties with establishing normal toilet training routines because
of problems with poor attention, motivation, fine motor skills, and sequencing.93

Secondary or voluntary soiling is more likely to have an underlying psychologic
cause, especially when it is related to specific and identifiable triggers. Children
with a history of abuse or neglect often have continence problems with soiling in
26% of cases.®*

TREATMENT OF FECAL INCONTINENCE

All treatment programs are based on explanation, demystification, and behavioral
modification, including a regular toileting program. In general, stool softeners or laxa-
tives such as lactulose or high dietary fiber are best avoided, as soft stools are more
difficult to evacuate.

It is crucial that parents, caregivers, and the child understand the reason(s) for the
soiling. The child is likely to have little or no perception of soiling episodes.
Acknowledging this is a relief for the child who previously has been misunderstood,
although it may cause some guilt for the parents.

Establishing a normal and regular pattern of bowel evacuation is central for the suc-
cess in children with soiling from any cause. Star charts and reward systems can be
used to reinforce this behavior. Externalization of the bowel problem, by using ideas
such as goal scoring charts or beating that “sneaky poo” can be helpful. Behavioral
programs like these on their own have been shown to be of benefit, but are even
more successful when used in conjunction with appropriate laxative medication.®:%6
Continuing follow up and support to maintain motivation is important. A well-balanced
diet with a reasonable fiber intake is likely to be helpful. Experimental studies have
shown that increasing fiber results in shorter bowel transit times and stool greater vol-
ume and water content.®”

There is general consensus that the child with constipation and overflow soiling
requires laxative treatment with the aim of evacuating the retained stool and maintain-
ing regular bowel actions thereafter.%®% Once retained stool is cleared, soiling will
dramatically reduce. Various approaches have been used to maintain regular bowel
actions: the mainstay being laxative treatment with behavioral approaches designed
to establish a regular toileting routine, enhance compliance, and maintain motivation.
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